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Make possible the use of constant frequency a-c current on U.S. Air 


Force’s new photo-reconnaissance plane...the Douglas RB66A | 


“SANDWICH MODEL” OFFERS 
EXTREME COMPACTNESS 


Mounted to a 10-inch pad, the 'Sand- 
wich Drive,” together with the constant 
frequency alternator, provides an ex- 
tremely compact and versatile assem- 
bly. Use of engine oil eliminates sep- 
arate reservoir, cooler, and external 
piping. Installation and maintenance 
are simplified, since unit is bolted to 
engine. Maintains high efficiency, even 
at extremely high altitudes and over 
entire engine speed range. 


LATHES @ MILLING, 


AIRCRAFT AND INDUSTRIAL HYDRAULIC TRANSMISSIONS, 


Here’s the new Douglas RB6GA—a twin 
jet reconnaissance plane for the U. S. Air 
Force. It’s a smooth, versatile performer, 
designed to operate in the stratosphere or 
over treetops for low-level missions. 
This high performance aircraft will use 
the new J-71 engine which incorporates 
Sundstrand’s ‘Sandwich Model” Con- 
stant Speed Drive. The drives convert the 
varying speeds of the turbo-jets to con- 
stant speed for driving constant frequency 
a-c generators. The generators supply 
power for hundreds of electrical com- 
ponents aboard the plane... with less 


SUNDSTRAND 


PUMPS, 


MOTORS AND VALVES 
BROACHING AND SPECIAL MACHINES @© BROACHING TOOLS ® MAGNETIC CHUCKS 


400-cycle output. Results—depensb 
a-c power plus savings in space 
weight which help the fully scat 
RBOGA fly faster and farther. 
The‘‘Sandwich Model’ 
Drive is another example of Sundstrand 
contribution to solving design problems 
involved in the installation of a constant 
frequency a-c power system in the mod- | 
erm airplane. Any time you can use Sun | 
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than +%% frequency variation in | 


strand’s “know-how” to help solve yout 
a-c power generation problem, feel free 
to call upon us. 
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SUNDSTRAND MACHINE TOOL CO. 
HYDRAULIC DIVISION, ROCKFORD, ILL. 
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Cover—This P2V Neptune, bearing the Netherland red, white, blue, 
and yellow insignia on the side of the fuselage, is the first of a number of 


submarine-hunting airplanes being delivered by Lockheed Aircraft 
Corporation to the Royal Dutch Navy. It-is powered by two Turbo 
Compound engines, manufactured by the Wright Aeronautical Division, 
Curtiss-Wright Corporation, and includes among its features streamlined 
wing-tip tanks, advanced electronics installations, and a new elongated 
tail that contains secret new submarine-hunting equipment. The Neptune 
can carry guns, rockets, depth charges, bombs, mines, and torpedoes. 
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SNUBBING WINGFOLD 


i LINKAGE MOVES WITH WING 
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SNUBBING VALVE 
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WING FOLD CYLINDER 


CHECK | PRESSURE 


ONE WAY RESTRICTOR — 
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RETURN 
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Flow vs. handle travel at 60 psi. maximum 


pressure drop shows how new Parker shear-plate valves 
provide fine metering at each end of the plate travel. 


What other Parker components for hydraulic and 
fuel systems interest you? Parker Aircraft Co. builds a 
wide variety of products for many different applications. 
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1.A.S. News Notes 


February 1954 


SECOND ANNUAL STUDENT PAPER COMPETITION 


The Second Annual Student Paper Competition of the IAS Texas Sec- 
tion will be held in Dallas, Tex., on April 21-24, 1954. The Adolphus 
Hotel in Dallas will be the locale of all functions, including the presenta- 
tions of papers, the luncheons, and the Awards Night Dinner, 


Participating with the Texas Section in this student competition are 
Chance Vought Aircraft, Inc. ,Consolidated Vultee Aircraft Corporation, 
Bell Aircraft Corporation, and Temco Aircraft Corporation, All arrange - 
ments for the meeting, which is heldfor the benefit of both undergraduate 
and graduate students, are being made by the Texas Section. Invitations 
have been sent out to 15 colleges and universities. 


OK OK OK 
FOUR IAS MEMBERS ELECTED SAE OFFICERS 


William Littlewood, FIAS, Vice-President--Engineering, American 
Airlines, Inc., has beenelected to serveas the 1954 President of the Society 
of Automotive Engineers. He was introducedas the current SAE President 
at that organization's annual business meeting on January 12. 


At the SAE's business session, the election of twelve vice-presi- 
dents, a treasurer, and six SAE council members was also announced. 
Included among the new SAE vice-presidents are: R. W. Rummel, MIAS, 
Chief Engineer, Trans World Airlines, Inc. (SAE Vice-President--Air 
Transport); F. W. Fink, FIAS, Chief Engineer, San Diego Division, Con- 
solidated Vultee Aircraft Corporation (SAE Vice-President--Aircraft); 
and G. W. Newton, MIAS, Chief, Engine Test Facility, Arnold Engineer- 
ing Development Center (SAE Vice President--Aircraft Powerplant). 


NEW IAS CORPORATE MEMBERS 


Decker Aviation Corporation, 1361 Frankford Ave., Philadelphia, Pa. 
General Precision Equipment Corporation, 92 Gold, New York, N. Y. 
Reaction Motors, Inc., Stickle Ave. and Elm Street, Rockaway, N.. J. 
Ryan Aeronautical Company, 2701 Harbor Drive, San Diego, California 


OK 
NATIONAL MEETINGS CALENDAR 


March 12 Flight Propulsion Meeting, Hotel Carter, C leveland. (Closed) 

June 21-24 Annual-Summer Meeting, IAS Building, 7660 Beverly Blvd. 
Los Angeles, California 

Aug. 9-11 Turbine Powered Air Transportation Meeting, Seattle, Wash. 
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1.A.S. News Notes (con’t.) 


Feb. 


Feb. 


Feb, 


Feb. 


Feb. 


Feb. 


Feb, 


Feb, 


Feb. 


CALENDAR OF SECTION MEETINGS 


2-- Washington Section: Premeeting social and dinner, Hotel Bur- 
lington, 6:00 p.m. Meeting, Museum of Natural History Audi- 
torium, 8:00 p.m. "Review of Fundamentals of Helicopter 
Propulsion" by Igor B. Benson, President, Benson Aircraft 
Corporation. Introduction by Brig. Gen. Paul F. Yount, USA. 
Chief, of Transportation. Joint meeting with Washington Section 
of American Helicopter Society. 

3-- Philadelphia Section: Engineers Club of Philadelphia. Dinner, 
7:00 p.m.; Meeting, 8:00 p.m. Donald L. Piccard to speak on 
ballooning. 

4-- St. Louis Section: Engineers Club. Meeting, 8:00p.m. '"Rock- 
ets and Space Travel'' by Wernher von Braun, Chief of Army 
Guided Missiles Laboratory. Joint meeting withSAE and Engi- 
neers Club. 

10-- Ottawa Aeronautical Society: RCAF Beaver Barracks, Argyle 
St. Meeting, 8:15 p.m. ‘Aircraft Design" by J. Floyd, A. V. 
Roe Canada, Ltd. Introduction by T. E. Stephenson, Depart- 
ment of Defence Production, 

11-- Los Angeles Section: IAS Building. Specialist meeting, 7:30 
p.m. "A New Simplified Method of Predicting Cripp]ing Stresses 
for Structural Shapes" by Robert Needham, Associate Engineer, 
University of California at Los Angeles. 

16--San Diego Section: IAS Building. Technical Meeting, 7:45 p.m. 
"Pressurizationand Air Conditioning of Fighter Aircraft--Design 
Problems and Compromises'" by G. A. Lemke, Design Spe- 
‘cialist, Consolidated Vultee Aircraft Corporation. 

18-- Dayton Section: Location unknownat press time. Dinner, 6:30 
p.m.; Technical Meeting, 8:00 p.m, ''Discussion of Modern 
Aircraft Propulsion" by Col. N. C. Appold. 

18-- Los Angeles Section: IAS Building. Social hour, 6:00 p. m. 
Dinner, 7:00 p.m.; and Meeting, 8:15 p.m. ''Discussion of 
Sonic Booms" by Raymond H. Rice, Vice-President and Chief 
Engineer, North American Aviation, Inc, 

23-- Los Angeles Section: IAS Building. Specialist meeting, 7:30 
p.m. "Ram Jet Characteristics" by Dr. Leo Stoolman, Head 
of Advanced Aerodynamics Design, Guided Missile Laboratory, 

Hughes Aircraft Company. 


Mar. 11--Los Angeles Section: IAS Building. Specialist meeting, 7:30 


p.m. "A Review of Slender Body Theory--Wings, Bodies and 
Wing Body Combinations''by Dr. Mac C, Adams, Aerodynamics 
Group, Santa Monica Division, Douglas Aircraft Company, Inc, 
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IAS News 


A Record of People 
of Interest to Institute Members 


Seventeenth Wright Brothers 
Lecture 
Glenn L. Martin, Pioneer Aviator and Long-Time Aircraft 


Manufacturer Pays Tribute to the Wright Brothers in 
Annual Memorial Lecture 


O* DECEMBER 17 over 500 persons in 
the U.S. Chamber of Commerce 
Auditorium in Washington heard Glenn 
L. Martin deliver the Seventeenth 
Wright Brothers Lecture. IAS Presi 
dent, C. J. McCarthy, presided. The 
lecturer was introduced by the Insti 
tute’s first President, Dr. J. C. Hunsaker. 
The lecture was a part of the final day’s 
program climaxing the 50th Anniversary 
Year of Powered Flight. Mr. Martin’s 
paper paid glowing tribute to the men 
who conceived airplanes out of little 
more than faith, much hard work, and 
the ability to overcome all difficulties. 
In speaking of the Wright Brothers, 
Mr. Martin said: ‘‘I am convinced that 
it was devotion to truth—in all things 
that lay at the root of the Wright 
Brothers’ success in creating the air- 


Left to right: 


J. C. Hunsaker, Lecture Chairman; 
C. J. McCarthy. 


plane. It has been honest men who 
have built our great industry and who 


will guide its sound growth in the future. 


“The quality of honesty in daily deal- 
ings is an infallible guide to a man’s 
capabilities in the engineering and scien- 
tific fields. Structures and machines 
are unforgiving of the cheater and inevi- 
tably indict those who toy with the facts. 
It was their indomitable faith in truth 
that guided the Wright Brothers through 
all their investigations and that ulti- 
mately—and, perhaps, inevitably— 
brought them to success at Kitty Hawk 
fifty years ago... 

“Their achievement was more than 
merely lifting themselves from the 
ground, for as we study their writings 
and records we have learned what truly 
scientific workers they were. You are 


Mr. Martin; and IAS President 


and Events 


familiar, I am sure, with their search for 
suitable testing methods during which 
they developed a number of ingenious 
devices for getting at the scientific 


truths of flight. Their wind tunnel, for 
example, used a honeycomb grid for 
straightening the airflow, and in its 27 
m.p.h. throat they tested model wings 
that varied over a wide range of aspect 
ratio, camber, and taper. They made 
more than 1,000 glider flights at Kitty 
Hawk prior to their first powered ma 
chine. Unquestionably, they read all 
of the written records of aeronautical 
thought available to them. Thus, they 
gave us not only the first airplanes but 
an entire scientific method for work in 
the field of aeronautics. ... 

“The Wrights brought to aviation the 
scientific approach to invention in which 
intuition and logic are used as a leaven- 
ing for the diverse technical facts at 
hand. This method, of course, had pre- 
vailed for a century prior to the Wrights, 
but it was their course of action follow- 
ing a conclusion that made them immor- 
tals and their predecessors only dreamers 
and vain experimenters. Once having 
fashioned an idea, the Wrights pro- 
ceeded to test it in scale form. ... 

Some of Mr. Martin’s personal phi- 
losophy (taken also from the lecture) will 
be found as a Guest Editorial on page 22 
of this issue. His paper is published in 
full in the February, 1954, issue of the 
JOURNAL OF THE AERONAUTICAL 
SCIENCES. 
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Photo Courtesy Westir Flectric Corporation 


The Citation presented to Dr. W. F. Durand 


Photo Courtesy 
Westinghouse Electric Corporation 


Dr. W. F. Durand speaks before the 
Fiftieth Anniversary Luncheon, after being 
presented with the special citation shown. 


ASME-SAE-IAS Fiftieth 


Anniversary Luncheon 


More than 500 seeders engaged in 
the aeronautical attended 
the Fiftieth Anniversary Luncheon 
Honoring Engineers’ Contributions to 
Powered Flight. This luncheon, held 
at the Hotel Statler in New York on 
December 1, was cosponsored by the 
American Society of Mechanical En- 
gineers, the Society of Automotive 
Engineers, and the Institute of the 
Aeronautical Sciences. Roy T. Hur- 
ley, Chairman of the Board and Pres- 
ident of Curtiss-Wright Corporation, 
presided. 

Igor I. Sikorsky, Engineering Man- 
ager of the Sikorsky Aircraft Division 
of United Aircraft Corporation, was 
the principal luncheon speaker. His 
topic was ‘‘Aviation 1909 to 1969.” 
In his address, Mr. Sikorsky fore- 
casted helicopters that would hold 40 
to 50 persons. These helicopters, he 
said, would reduce the present city- 
to-airport travel time by one-third to 
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one-half and would unload their pas 
sengers into a 90-100-place jet trans 
port waiting at the end of a runway 
He envisioned manned flights within 
the next 5 years at speeds of 2,500 
m.p.h. and also stated that space travel 
by 1969 was not an impossibility. 

A feature of the luncheon ceremo 
nies was the presentation to Dr. W. F 
Durand, 95-year-old retired aeronau 
tical engineer, of a special citation 
“for distinguished contributions to the 
science and engineering of powered 
flight.’’ The citation was signed by 


ASME President Frederick S. Black 
all, Jr.. SAE President Robert Cass, 
and IAS President Charles J. Me 
Carthy. The presentation was made 


. Hun 
Aeronautical En 
Emeritus, Massachusetts 
Institute of Technology, and Chair 
man of the NACA. A copy of the 
citation is reproduced on this page. 

The Fiftieth Anniversary Luncheon 
divided into two equal parts a three 
day aviation program held during 
ASME’s Annual Meeting. Part I 
was the Fifth Annual Air Cargo Days 
and was cosponsored by the ASME 
SAE, National Security Industrial 
Association, Ine., Transport Air 
Group, Inc., and the IAS. This part 
of the program consisted of four ses 
sions, three of them being on Novem 
ber 30 and the fourth on the morning 
of December 1. 

At the conclusion of the Fiftieth 
Anniversary Luncheon, Part II of the 
three-day aviation program got under 
way. This was the Second Annual 
Heavy Press Program, cosponsored by 
the ASME, SAE, and IAS. Two of 
the four sessions that comprised Part 


to Dr. Durand by Dr. Jerome C 
saker, Professor of 
gineering, 


Photo Courtesy 

Westinghouse Electric Corporation 

Igor |. Sikorsky, Engineering Manager of 

United Aircraft Corporation's Sikorsky Avir- 

craft Division, delivers the principal address 
at the Fiftieth Anniversary Luncheon. 
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11 were held in the afternoon and eve- 
ning of December 1; the other two were 
held during the morning and afternoon 
of December 2. 


Grant for New Guggenheim 
Fellowships Announced 


Harry F. Guggenheim, IAS Honor- 
ary Member, Member, Benefactor, 
and Founder Member, President of 
The Daniel and Florence Guggenheim 
Foundation, announced on December 
11 that a total of $36,000 has been 
granted by the Guggenheim Founda 
tion for 1954 Guggenheim Jet Propul 
sion Fellowships. 

These Fellowships are supported for 
the purpose of selecting and training 
outstanding men for basic research 
and leadership in the future develop- 
ment of rockets and jet propulsion. 
The Fellowships permit graduate 
study in rocket and jet propulsion en- 
gineering at The Daniel and Florence 
Guggenheim Jet Propulsion Centers at 
Princeton University and California 
Institute of Technology. 

The sum of $18,000 is available for 
Fellowships at each Center. From 
18 to 24 grants will be awarded to 
qualified applicants, and each of these 
grants provides for tuition and an al- 
lowance for living expenses which 
ranges from $1,000 to $2,000, depend- 
ing upon the stage of advancement of 
the Fellow. 

The Guggenheim Fellowships are 
opened to qualified college graduates 
with suitable engineering or scientific 
undergraduate preparation. Can- 
didates must be residents of the United 
States and must have outstanding 
technical ability and leadership quali- 
ties, a deep interest in rocket and jet 
propulsion development, and an in- 
tention of pursuing this field as a 
career. 

Application blanks and other in 
formation may be obtained by writing 
directly to The Daniel and Florence 
Guggenheim Foundation, 120 Broad- 
way, New York 5, N.Y. Completed 
applications must be received by 
March 1, 1954. 


United Aircraft Executive Wins 


Collier Trophy 
Leonard §. Hobbs, FIAS, Vice- 
President for Engineering, United 


Aircraft Corporation, was awarded 
the Collier Trophy for outstanding 
achievement in aviation during 1952. 
This award recognized Mr. Hobb’s 
work in connection with conceiving 
the J-57 turbojet engine and bringing 
it into production at the corporation’s 
Pratt & Whitney Aircraft Division. 

A miniature of the Collier Trophy 
was presented to Mr. Hobbs by Pres- 
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Photo Courtesy Westinghouse Electric Corporation 


Presidents of the three societies sponsoring the Fiftieth Anniversary Luncheon are shown 


with Roy T. Hurley, Chairman and President of Curtiss-Wright Corporation. 


right, they are: Charles J. McCarthy 


From left to 


President, Institute of the Aeronautical Sciences, Inc.; 


Frederick S. Blackall, Jr., President, American Society of Mechanical Engineers; Mr. Hurley; 
and Robert Cass, President, Society of Automotive Engineers. 


ident Eisenhower at the Aero Club of 
Washington’s dinner on December 17. 
(The original of the trophy is in custody 
of the National Aeronautic Assoc.) 
The committee that voted upon 
this year’s recipient was appointed by 
Harry K. Coffey, NAA President. 


Mr. Coffey and Dr. John F. Victory, 
MIAS, Executive Secretary, NACA, 
served as co-chairmen. 

The Collier Trophy was donated in 
1911 by the late Robert J. Collier, 
Editor and son of the founder of 
Collier’s magazine. 


(IAS News Continued on page 61) 


Photo Courtesy Westinghouse Electric Corporation 


Shown from left to right during the Fiftieth Anniversary Luncheon are: Brig. Gen. F. P. 


Lahm, USAF (Ret.), first flight trainee; Dr. W 


. Durand; Dr. Jerome C. Hunsaker; and 


Adm. John T. Towers, USN (Ret.), Aviation Pioneer. 
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Seventeenth Wright Brothers Lecturer 
GLENN L. MARTIN 


Pioneer Aviator; Lifelong 

Manufacturer of Military 

and Civil Aircraft; Past- 
President IAS. 


“In a free, independent society there can be no great 
guiding hand controlling the destiny of an industry or a 
people. Wein the aircraft industry have guided our own 
progress through our faith and our loyalty to each 
other. The modern airplane constitutes an integration 
of the thoughts and lifetime work of more individuals 
than any other industry onearth. Thisintegration was 
accomplished not by fiat but by understanding coopera 
tion between its many and diverse elements. 

“This interplay of really diverse avenues of human 
effort is a monument to man’s dependence upon other 
men, and it has been only the unfettered freedom of 
America which has created this giant team of cooperat 
ing individuals which is our modern aircraft industry. 
Today there appears to be no limit to the power of this 
team. We have the aerodynamic knowledge, the struc 
tural materials, the power plants, and the manufactur 
ing capacities to perform any conceivable miracle in 
aviation. 

“But miracles must be planned, nurtured, and 
executed with intelligence and hard work. The 
miracles of the second half-century will prove progres 
sively more difficult, more costly, and more time-con 
suming. They will demand great skills from all of 
us. 

‘First we must have a clear definition of the miracles 
to be expected. Our magnificent aircraft manufactur 
ing industry exists only to serve its customers—not 
itself. It is the customer's requirements that have 
shaped all that we have done and that have carefully 
controlled our rate of progress... . 

“Our product must meet someone's need as fully and 
exactly as we know how to make it. The more widely 
useful our product, the higher will be our level of 
activity and the lower the cost to the customer. Today 
and throughout all our 50 years of aviation history, the 
Government is the customer for more than 90 per cent 
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Guest Editorial 


Excerpts from the Seventeenth Wright Brothers Lecture 


of our effort. The grave responsibility of the Air Force 
and Naval Aviation for our national defense is awesome 
in this atomic age. Their weapons must be the most 
effective human effort can fashion. The narrow and 
restrained requirements of the services inevitably create 
extremely costly aircraft. ... 

“ Throughout my participation in aviation, which 
spans its life history, I have witnessed a public criticism 
of the high cost of aircraft. There seems to be a per- 
vading public mistrust of its aircraft industry and 
unrelenting pressure on the Government to keep vigil on 
aviation profits which resulted, eventually, in severe 
profit limitations by law. Perhaps this concern is a 
mistaken heritage from World War I when the term 
‘war profiteer’ became almost synonymous with weapons 
I do not know why our citizens heartily 
approve substantial profits in the manufacture of 
automobiles and household appliances but become 
incensed when the word ‘profit’ is even associated with 
the design and production of vital weapons of national 
defense. 


production. 


‘Without profits there can be no applied research, no 
advanced machinery and equipment, no progress of any 
sort. Without profits available for expansion of poten- 
tial, that expansion becomes the responsibility of the 
Government. And _ that unchecked, 
leads inevitably to the political and economic system 
we are attempting to defeat throughout the world. 

“There is a proper role for the Government in avia- 
tion progress. As a customer, it must establish the 
goals clearly and precisely which we will be required to 
meet. It must assume the financial cost of the re- 
search and development work required in the perfec- 
tion of that goal. It must make certain that this 
nation has, at all times, a strong aircraft manufacturing 


responsibility, 


industry, a healthy and progressive accessory and 
equipment industry, an experienced and capable air- 


23 


line industry, and a reservoir of educated and skillful 
young men coming forward to man these industries. 
The burden of this role, costly as it may seem, will be 
borne cheerfully by an enlightened American citizen 
once he understands its full significance to him and his 
progeny. ... 

“The salvation of this great nation lies solely in the 
revival of that dream [of the air age] and its fruits for 
the American people. That nation will be strongest on 
earth whose peoples embrace this new age to their 
hearts. Its destiny must become their destiny, else 
they perish. The achievements and the problems, the 
victories and the costs, the dangers and the promises of 
aviation—all of these things must become a part of the 
soul of a nation if it is to find security with its prosperity. 
We must seek out the roots of public apathy and mis- 
trust and, in destroying them, create the omnipotent 
Air Power we have the brains and the tools to do. 

“Tt is not enough to have a core of aviation experts 
with the sympathy and understanding of Air Power 
required for its progress. We must have a whole 
people rising in a great tide of belief in this new art, 
convinced of its demonstrated ability to usher them 
into an entirely new age of mankind. 

“With such support assuredly no miracle is impossible 
for aeronautical science and industry... .” 


The Seventeenth Wright Brothers Lecture 
was delivered by Mr. Martin in Washington 
on December 17, 1953. (See page 19, this 
Full text of the Lecture appears in the 
February, 1954, issue of the JOURNAL OF THE 
AERONAUTICAL SCIENCES. 


issue. ) 


| 
it 
*h 
Is | 
iS 
a 
ill 
er 
ol 
| 
| 
in 
id 
he 
ol 
les 
Ir 
ot 
ve 
lly 
nd 
ol 
ay 
nt | 
| 


Fic. 1. 


PBY-6A Navy 46683 used for meteorological experiments. 


Calibrating the PBY-6A Airplane for Meteorological 
Purposes’ 


GIVEN BREWER 


Consulting Engineer 


flow STUDY of gust distribution and character in 
the atmosphere is of importance in both the separate 
fields of aeronautics and meteorology. Airplanes 
equipped with suitable recording instruments have 
been used over the past 20 years! to determine the 
frequency and magnitude of gust occurrence in the 
atmosphere. The information gained through these 
past experiments has been the basis of aircraft struc 
tural design criteria® * 4 both in this country and 
abroad. The Woods Hole Oceanographic Institution 
is one of the United States research organizations 
continuing investigations into the structure of atmos 
pheric turbulence. 

The Geophysics Branch of the Office of Naval 
Research has secured for the Oceanographic Institution 
a PBY-6A airplane, Navy 46683, for use in the ex 
ploration of atmospheric phenomena, Fig. 1. To 
use this aircraft properly for sounding missions, it 
was necessary to determine the correlation between 
acceleration measurements within the fuselage and 
The effects 
of wing whip or fuselage motions independent of the 
wing will give rise to accelerometer readings that are 
in no way related to the air loads acting upon the wing. 


aerodynamic forces acting upon the wing. 


* The author expresses his appreciation to the Office of Naval 
Research and the Woods Hole Oceanographic Institution for 
permission to publish this information 


Accordingly, an experimental program was carried 
out wherein wing lifting loads were measured simulta- 
neously with fuselage accelerations, permitting cor- 
relation of these two quantities. 

The wing lift struts of the PBY-6A airplane provide 
a means for the determination of wing lift loads. As- 
suming that the wing structure remains elastic through- 
out the loading régime and that the spanwise pressure 
distribution is also constant, the wing lift struts will 
carry essentially a constant proportion of the wing 
lift load. Consequently, by cementing electric strain 
gages to the struts, these gages may be used to deter- 
mine the portion of the total wing lift load carried 
by the struts. Under the conditions limited by the 
assumptions previously stated, the strain gages will 
vield readings correlating linearly with the aerodynamic 
load on the wing. 

Eight electric strain gages of the SR-4, A-6 type 
were cemented to the leading and trailing edges of the 
aircraft’s lift struts. By locating these gages at these 
points of greatest curvature, the possibility of error 
in reading, due to the presence of secondary strains, 
was eliminated. To eliminate thermal components 
of strain, a nonstressed dummy was buried within 
the insulation covering the other gages on the left 
front strut. Lead-in wires from each of these gages 
were brought in through the fuselage skin to the re- 
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cording instruments within the cabin. A considerable 
portion of the strut on both sides of the point of gage 
attachment was thermally insulated, and both gages 
and insulation were waterproofed, the purpose being 
to reduce gage electrical drift. 

Two electric accelerometers of the fluid damped 
mass type’ as manufactured by the Statham Labora- 
tories were attached to structural members within 
the fuselage. The 6g accelerometer was fastened to 
the aluminum-alloy conduit running across #4 bulk- 
head ring, and the 12g accelerometer was clamped 
to the #5 bulkhead ring. 

The recording instruments were placed upon one 
of the canvas bunks in the crew’s quarters between 
bulkheads #4 and #5, Fig. 2. The leads from the strain 
gages on the lift struts and the cables from the accelerom- 
eters were brought through the fuselage to the in- 
strument location and secured. The entire system 
was grounded by clipping a lead from the amplifier 
to the fuselage structure. 

The strain gages on the front lift struts were put in 
series-parallel and inserted electrically into a wheatstone 
bridge, the other legs comprising 300-ohm noninductive 
advance wire resistors. Similarly, the gages of the two 
rear struts were put into a second bridge. The ac- 
celerometers each balanced four-legged 
bridge. The four bridge circuits were then connected 
into a four-channel carrier amplifier in turn connected 
to the first four channels of a recording oscillograph. 

With the instruments connected as described, take- 
off was accomplished at 4:29 p.m. on September 8, 
1952. In flight the airplane was put through a number 
of maneuvers including pull-ups and chandelles. Dur- 
ing each of these accelerated flight maneuvers, bridge 
output readings from the struts and accelerometers 
were simultaneously 


contain a 


recorded. The amplifier was 
adjusted so that a lg acceleration would produce ap- 
proximately the same trace deflection for each of the 
four channels. The aircraft was landed at 4:58 p.m., 
and the ground zero reference was taken for drift 
determination. 

A portion of the data recorded during the flight is 
plotted in Fig. 3. Examining the lift strut data re- 
veals the fact that the average lift strut stress is vir- 
tually the same over the range of attack angle in- 
vestigated. For the strut stress to remain constant, 
it is required that the spanwise lift distribution also be 
constant over the speed range investigated and under 
steady-state flight conditions. The division of load 
between the front and rear struts changes little with 
variations in angle of attack (see Fig. 4), showing that 
the wing is sufficiently rigid in torsion to resist ap- 
preciable warping with chordwise center of pressure 
shifts. The pylon connecting the main wing to the 
fuselage presents a more rigid path to the wing torsion 
couple than does the lift strut configuration; hence, 
the strut stresses, for all practical purposes, are solely 
a function of wing bending moment. 

The theoretically predicted and observed values of 
lift strut stress have been plotted against load factor 
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Four-channel amplifier, CEC oscillograph inside PBY. 


Fic. 2. 


on Fig. 3. Fig. 3 indicates that a linear extrapolation 
of the strut stress at 1g will fall through the test points 
established during accelerated flight. The linear re- 
lationship between strut stress and load factor in- 
dicates that the spanwise lift distribution remains 
constant during accelerated flight at least up to 2.1g’s. 
Despite the poor aerodynamic form of the fuselage, 
it does not noticeably affect the distribution of lift 
along the wing throughout the ranges in speed, angle 
of attack, and acceleration investigated. It seems 
evident that wing lift loads may be accurately pre- 
dicted from fuselage accelerometer readings in the 
case of the PBY-6A airplane. 

The PBY-6A has a small spirit level in the engineer’s 
compartment. This level is so oriented that the angle 
between the wing chord plane and the ground is read 
directly. The aircraft was flown at constant speed at 
various altitudes with observations made of manifold 
pressure, engine r.p.m., altitude, air speed, outside 
air temperature, and angle of attack. This procedure 
was repeated a number of times, with a summary of 
the data and the steady-state lift coefficient plotted 
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4. Oscillogram traces, Flight II, September 8, 1952. 
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in Fig. 5. 


1934 


From information supplied by the manufac 


turers, calculations of engine horsepower and pro 


peller efficiency were made permitting determination 


of the overall airplane drag coefficient. 
eal plot of lift coefficient versus angle of attack for the 


NACA 21 


section 


has been 


obtained from 


The theoreti 


reference 


(6, corrected for aspect ratio and plotted on Fig. 5 


\ comparison between the theoretical and measured 


values of steady-flight lift coefficient shows close cot 


relation. 


To determine the dynamic lift coefficient, the air 


plane was subjected to a number of abrupt maneuvers 
with changes in air speed, acceleration, altitude, and 
pitch angle observed oscillographically. 


The abrupt 


pull-ups were executed in still air so that the instrument 


recordings could be checked against known conditions. 
From the oscillograph records of pull-up, No. 1969, 


the dynamic value of lift coefficient has been calcu 


lated, Fig. 5. 


lo simulate encounter with a vertical gust having 
a parabolic velocity profile, the aircraft was subjected 
to a number of sharp pull-ups in still air. 


The anemom 
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CALIBRATING THE PBY-6A AIRPLANE Pi 


traces were oscillographically recorded during these 
maneuvers. From an analysis of these records, the 
validity of the instrumentation system may be known. 
The first integration of the accelerometer trace versus 
time must everywhere be equal to the first derivation 
of the altimeter trace. 

On January 21, 1953, the PBY executed a sharp 
pull-up, run No. 1773, the analysis of which is carried 
in Fig. 6. Run No. 1773 shows good correlation be- 
tween the velocities predicted from the altimeter and 
the accelerometer except for a phase displacement in- 
dicating lag in the altimeter pneumatic system. 

During January, 1953, tests, the altimeter was con- 
nected to the ship's static line in company with the 
The length 
of line from the pitot boom, combined with the rather 
large plenum chamber represented by the cavities of all 
instruments, seemed responsible for the altimeter 
During the 


entire complement of flight instruments. 


delay. March tests the altimeter was 
moved into the leading edge of the right wing and 
connected by a short line to the static holes which it 
In the 


wing position, the altimeter pneumatic response was 


shared only with the Statham anemometer. 


increased by a factor of 17 as compared to its January 
fuselage location. 

On March 18, 1958, a number of pull-ups were ex- 
ecuted, and one record, No. 1969, has been analyzed. 
Plots of the aircraft's vertical velocity as obtained from 
the accelerometer and altimeter are plotted together 
against time in Fig. 7 with good correlation. 

To evaluate accelerometer errors due to placement 
at a distance from the airplane c.g., three accelerom- 
eters were placed at various stations along the fuse- 
lage and the airplane flown through a series of maneu- 
vers and turbulence. The data obtained indicate that 
no appreciable error will accrue from accelerometer 
placement within 50 in. of the airplane’s horizontal 
cg. 

For meteorological purposes, it is desired that the 
airplane’s instrumentation system respond to gust 
Since 
the pull-up 1969 followed a rate of 7.14 ft. per sec.’, 
it appears that the instrumentation system was func- 
tioning satisfactorily and further that circulation lag 
is negligible at rates of 7 ft. per sec.”. 


profiles of about 1.5 ft. per sec. to 3 ft. per sec.”. 


In reference 7, it has been shown that acceleration 
errors due to wing whip are negligible, if the natural 
frequency of the wing is five times that of the gust fre- 
quency, assuming the latter to be a sinusoid. Upon 
this basis’ the PBY-6A, with a wing frequency of 3!» 
cycles per sec., should behave as a rigid body en- 
countering gusts of 0.7 cycle per sec. or lower in fre- 
quency; however, examination of the records in this 
experimental program indicates correlation between 
liit strut strains and accelerations at 2 cycles per sec. 
In a strut-braced wing, the engine and fuel accelera- 
tions are of opposite sign to the outer panel wing whip 
This 


cancellation does seem to take place, since frequencies 


accelerations and, therefore, to an extent cancel. 


of 3.5 eycles per sec. observed in the wing strut strain 
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Fic. 6. Run 1773, climb 300 ft. at 600 ft. per min., 1,000 to 1,300 


ft. and back, ~115 knots. 


gages do not exist in the fuselage accelerometer 
It is concluded, then, that the PBY-6A fuse- 
lage accelerometers will follow gusts of at least 0.7 
cycle per sec., excluding, of course, effects of circula- 
tion lag. 


traces. 


( Continued on next page) 
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Use of Flight Simulators in the Design of Aircraft 
Control Systems 


H. ELMORE BLANTON? 


Massachusetts Institute of Technology 


ABSTRACT 


During recent years the use of analog computers in the design 
of aircraft control systems has increased. Specialized ‘‘flight 
simulators,’ computational facilities capable of solving the 
equations of flight in conjunction with realistic laboratory testing 
of actual control-system components, have been developed. 
Often a simulator includes a flight table for subjecting the re- 
quired components to the angular motions that would be experi- 
enced in flight. On the basis of a review of the mathematical 
problems associated with guided flight and of the capabilities of 
existing simulators, the way in which a. simulator may be used 
most effectively in an aircraft development program can be out- 
lined. The relative value of a flight table during such a program 
has not been established fully; however, laboratory ‘“‘test flights,” 
with the control-system components incorporated in the simu- 
lator, frequently may verify previous calculations based on 
measured or predicted characteristics and ensure successful sys- 
tem performance during actual flights. 


HISTORICAL BACKGROUND 


DEVELOPMENT of high-speed, high-performance 
piloted aircraft and guided missiles was accelerated 
greatly by World War II and the ensuing armament 
program. Although for piloted aircraft the engineers 
had at their disposal many useful design and test pro- 
cedures accumulated over years of experience, their 
associates who were developing guided missiles soon 
realized that many of those procedures were inappli- 
cable to the solution of problems in the missile field. 
For example, to produce a new airplane, the accepted 
routine is to build a prototype in accordance with the 
best available basic data and then to optimize the 
performance of the air frame and control system by 
means of extensive flight testing and modification if 
needed. Such a routine is entirely acceptable because 
many test flights can be made without unreasonable loss 
or damage to the personnel and equipment involved, 
even though unacceptable performance may be ap- 
parent initially. With a guided missile, an entirely 
different situation exists, as each test flight usually 
ends in the complete destruction of the missile, an 
extremely expensive procedure, and, at the same time, 
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little useful information can be obtained from any one 
test flight. 

Mathematicians and aerodynamicists, in attempting 
to solve the equations associated with the stability and 
flight of a controlled aircraft, were beset constantly with 
nonlinear formulations of problems that could not be 
solved on a general basis and which were not adaptable 
readily to such lengthy and laborious hand-solution 
techniques as were available. Experience with existing 
digital and analog computers revealed the need for, and 
the potential value of, similar facilities designed 
specifically to solve the pertinent flight equations. 

Ideas gradually developed which envisioned methods 
of conducting ‘‘test flights’? within the confines of a 
laboratory in order that the required mathematical 
solutions and performance data might be obtained 
easily, at low cost, and under controlled conditions prior 
to a few checks of the operation of the missile control 
system in actual flights. Proper design of a computer 
could result in a unit that would be capable of solving 
the problems under two conditions—namely, either (1) 
when they are stated in the terms of the applicable 
equations or (2) when they are presented in a more real- 
istic form including appropriate components of the 
actual control and guidance equipment from the air- 
craft, in addition to the required supplementary equa- 
tions. A “‘flight simulator’? was contemplated—a 
computing facility capable of solving the equations of flight 
in conjunction with the realistic laboratory flight testing of 
the actual control system. 

The term ‘flight simulator’? has been applied to 
several different types of equipment. In this paper, 
the stated definition applies with the emphasis being 
placed on the ability of the facility to include portions of 
the actual control-system equipment in the computa- 
tional setup. Elsewhere, ‘‘flight simulator’’ designates 
a device that includes a replica of the control cabin of an 
aircraft integrated with an associated computer to 
provide realistic flight-crew training on the ground.! 
Several elementary attempts have been made to com- 
bine the capabilities of these two types of simulators, 
and further worth-while results might be obtained if 
the combination is utilized properly. 

A discussion of the history of specific flight simulators 
is beyond the scope of this paper; however, two early 
simulators are worthy of mention. During 1943-1945 
the Servomechanisms Laboratory at Massachusetts 
Institute of Technology was charged with the develop- 
ment of a control system for a guided missile of the 
glider type. Because of the difficulties of obtaining 
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The three-axis flight table of the M.I.T 
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Flight Simulator with associated control console and 


aerodynamic computer 


adequate design information solely from actual flights, 
a rudimentary form of flight simulator was proposed, and 
subsequently the necessary equipment was constructed 
and used successfully in the design and evaluation 
of the performance of the guidance and control systems 
of the missile. This simulator, perhaps the first built 
in this country, included a table supported in such a 
manner that the vertical gyroscope and radar receiver o! 
the control system could be subjected to nominal rolling 
and yawing, while pitching was simulated by variations 
in the vertical location of a radar target placed 20 ft. in 
front of the table. The inputs to the servomotors 
which controlled the orientation of the table and target 
consisted of velocity signals from the respective out 
puts and position signals from either the table or the 
control-surface servos located on an adjacent test stand 
Proper adjustment of the feedback constants in con 
junction with the inherent characteristics of the table 
vielded a response closely approximating the analyti 
cally derived response of the missile. Through extensive 
use of this equipment, both with the original missile 
and later with another similar but larger missile, several 
serious deficiencies in the control systems were cor 
rected, and the ensuing actual test flights were very 
successful. 

In 1945 the Guided Missiles Program was established 
at Massachusetts Institute of Technology to promote 
research and development in all phases of the guided 
missile problem. The establishment of the M.I.T. 
Flight Simulator® * soon was assured. The simulator, 
as proposed, was to be a versatile facility adaptable to 


the solution of problems and to the realistic testing ot 
control systems for many types of aircraft. 

At present, the M.1.T. Flight Simulator, as developed 
and operated by the Dynamic Analysis and Control 
Laboratory of--Massachusetts Institute of Technology, 
consists of a large quantity of analog-computing equip 
ment. This equipment may be grouped roughly into 
five sections—namely, the a.c. computer, the d.c 
computer, the function generators for two independent 
variables, the three-axis-flight-table section, and the 
single-axis flight tables. The three-axis flight table, 
Fig. 1, was designed to permit the use of actual equip 
ment from the control system during a study of the 
overall performance of an aircraft in simulated flight 
loward this end, the flight table is an integral part of 
the associated aerodynamic computer that establishes 
the characteristics of the uncontrolled air frame, and it 
performs definite computational functions, as well as 
subjects appropriate components of the control system 
to angular motions similar to those encountered in 
actual flight. Two single-axis flight tables, which have 
substantially different output-load and performance 
capabilities, are also available. 
consists of 19 general-purpose electromechanical in 


tegrators (rate servos), each including 5 output 


potentiometers or resolvers with associated coefficient 
and summing amplifiers designed for. operation with a 
100 cycle per sec. suppressed-carrier signal. An ex 


tensive installation of high-gain amplifiers in the d.c. 


computer is used in conjunction with appropriate net 
works to realize various linear functions and non 
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linearities such as dead space and saturation. The 
four contour-map-type generators of functions of two 
independent variables provide excellent precision for the 
introduction of arbitrary functions. Modulators, de- 
modulators, and versatile input, output, and con- 
trol facilities complete the installation. 

Concurrent with the development of these simulators, 
other organizations have become interested in the de- 
sign and use of flight simulators, and several simulators 
of various degrees of complexity have been constructed. 
A number of manufacturing concerns are now market- 
ing flight tables with one and two degrees of angular 
freedom for use with their analog-computing equipment. 

Prevalent interest in flight simulators makes worth 
while an evaluation of their merits and an appraisal of 
their present and future usefulness. Military security 
precludes a complete discussion of these topics; how- 
ever, this paper will present such information as is 
possible with the hope that the potential users of flight 
simulators will appreciate more fully the capabilities 
of such installations and the part that simulators can 
play in the realization of properly designed controlled 
aircraft. 


THE MATHEMATICAL PROBLEM 


A description of the mathematical formulation of the 
controlled-aircraft problem will provide an insight into 
the complexities of the computations required during a 
design program. The equations are inherently non- 
linear because of the presence of trigonometric functions 
and of products of dependent variables. Many other 
factors, for example, the nonlinear nature of certain of 
the coefficients and nonidealities such as backlash, 
friction, and saturation in the control system, cannot be 
expressed adequately in analytical form. 

Fig. 2 presents a greatly simplified block diagram of a 
typical aircraft problem, where, for convenience, the 
paths of information transfer, or the information trans- 
ferred between the sections, are designated X, to X;. 
With few exceptions, XY, may be identified with control- 
surface deflections of the air frame, whereas the other 
X's may represent various types of information in 
different systems. In many aircraft, the functions of 
the guidance and the autopilot are assumed by the 
human pilot, but, in others, these functions are achieved 
through a variety of methods that are more or less 
independent of human operators. The uncontrolled 
air frame, as described by its dynamics, is subject to the 
forcing function X, that, in turn, is determined by 
comparison of the required air-frame attitude X7 from 
the guidance and the actual attitude Xo. Although 
the geometrical relation between the air frame and 
destination may be determined explicitly from in- 
formation X; and X;, the manner in which this relation 
Xs is presented must conform to the design of the 
guidance. 

A minimum of six simultaneous differential equations, 
three translational and three rotational, are required to 


describe the dynamics of the air frame. Fundamental 


xX xX 
Li GUIDANCE 
X4 
Xx AIRFRA x 
DYNAMICS GEOMETRY 
Xs 
Xo DESTINATION 
Fic. 2. Simplified block diagram of controlled-aircraft problem. 


to these equations is a set of three Euler angles and 
three linear-velocity components which also serve as a 
basis for establishing the location of the aircraft with 
respect to a set of reference axes, hence presenting the 
information X;. These equations include many terms 
involving products of coefficients and single variables 
besides products of functions of two or more primary 
variables. The force and moment coefficients are not: 
constants but rather nonlinear functions of other 
variables, as well as of the primary variable with which 
they are associated. In addition to the control-surface 
deflection angles, which may be identified as the in- 
formation X, and which are the inputs to the air-frame 
dynamics, the equations also contain terms that 
represent disturbances encountered in flight. 

The information X»s, which is fed from the air frame 
to the autopilot, often consists of various derivatives 
of the three Euler angles but may include also other 
information concerning the attitude or environment 
of the airframe. One of the functions of the autopilot 
is to compare this information with the input X; and 
to determine signals, proportional to the offcourse error 
of the air frame, which actuate mechanical, electrical, 
or hydraulic systems controlling X). Explicit equa- 
tions for an autopilot cannot be stated because of the 
great variety of systems used; however, certain 
problems common to many of these units should be 
recognized. Electrical signals proportional to the 
angular position of the air frame may be obtained from 
gyroscopes involving gimbaling arrangements that 
inherently introduce undesirable interactions between 
the various axes. Servomechanisms to drive the con- 
trol surfaces usually are designed on the basis of linear 
operation; nevertheless, in all systems, nonlinearities 
such as those due to displacement and rate limits, 
saturation, backlash, friction, and other similar factors 
are present to a greater or lesser degree. In an effort 
to achieve greater simplicity in design and operation, 
certain control-surface servos are being built in the form 
of relay or off-on controllers, which are basically non- 
linear in operation. 


Little may be said about the nature of various auto- 
matic-guidance schemes because of restrictions of 
military security; however, a broad view of the 
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problem that must be solved through the geometry and 
the guidance is apparent from a statement of the 
situation. The autopilot in the aircraft must receive 
information that will direct the path of flight toward 
the destination, which may be a fixed point or a moving 
object. Since the three-dimensional equations describ- 
ing the relative motion between the air frame and 
destination involve functions of both the angular and 
linear orientations of the bodies with respect to a 
reference frame of axes, they are mathematically non- 
linear. The computing process in the guidance system 
often introduces functions of other angles, as well as 
approximations and time lags. 

The preceding brief description is merely representa 
tive of the complexity of the problem. In small, 
piloted airplanes where the pilot assumes a large degree 
of responsibility in directing the aircraft to its destina- 
tion, a less formal mathematical statement usually 
suffices. On the other hand, in numerous instances 
aircraft with partial or complete automatic control re- 
quire detailed equations to describe the behavior on 
even a simplified theoretical basis. When the actual 
control-system equipment with its inherent time lags 
‘and nonidealities is included, the mathematical formula- 
tion of the problem, if it even exists, is often too com- 
plicated to be of great value in establishing the per- 
formance of the overall system. 


THE CAPABILITIES OF A FLIGHT SIMULATOR 


The capabilities of a flight simulator are limited 
essentially only by the ingenuity of the designers and 
operators; however, practical considerations such as 
the cost of the facility, both in absolute magnitude and 
in relation to the savings that might be effected in the 
development of aircraft, often determine the extent 
of the development. The simulators now available 
vary from those composed of a small electronic analog 
computer and perhaps some crude means of testing 
certain components to large installations, such as the 
M.I.T. Flight Simulator, where a realistic three- 
dimensional study of an overall system with much of 
the actual equipment is possible. These simulators in 
many instances include flight tables with one, two, or 
three degrees of angular freedom, which are controlled 
as an integral part of the ad‘acent computer installation 
in order that the performance of aircraft control systems 
may be checked under closed-loop conditions. Besides 
flight tables, other specialized equipment that may be 
available consists of devices to introduce representative 
loads on the outputs of the actual control-surface servos 
and of computing components designed to introduce the 
types of nonidealities encountered in an aircraft control 
system. The latter units may be required if the actual 
control-system components are not available for the 
simulator studies. 

When a flight table is controlled in such a way that 
closed-loop checking of portions of the autopilot and 
guidance systems is possible, much valuable information 
can be gained. The amount of information is de- 
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pendent of course to a large extent on the quantity of 
pertinent equipment which may be mounted on the 
flight table. If only the gyroscopes and other angular- 
motion-sensitive elements of the autopilot are included, 
a limited number of questions may be answered; how- 
evet, if the size and performance capabilities of the 
table permit mounting any stabilized platforms, such 
as certain antenna systems, associated with the 
guidance of the aircraft, the value of the facility is en- 
hanced greatly. 

For a single-axis computing flight table, the table is 
servo-controlled by a suitable means so that its angular 
displacement, velocity, and perhaps acceleration are 
equivalent, within the desired degree of accuracy, to 
the similar quantities that would be measured in the 
actual aircraft when subjected to representative dis- 
turbances such as are used in computer tests. Insofar 
as the table fulfills its purpose within the required 
specifications, the output of a gyroscope mounted on it 
may be fed into the appropriate electronic circuits of 
the autopilot and hence to the control-surface servo. 
The output of the servo, when monitored electrically, 
gives a signal proportional to the surface deflection 
which may be fed back into the computer in order to 
close the computing loop. In this fashion, the planar 
performance of the air frame as controlled by its auto- 
pilot is subjected to a realistic laboratory test flight. 
Tests performed on this setup permit the detailed 
evaluation of the effects of any nonidealities that may 
not have been included in the preceding analytical in- 
vestigation of the performance of the controlled air 
frame. Of particular importance may be the response 
of the system when subjected to representative random 
inputs and possible interactions between components 
because of loading, relative noise levels, and similar 
causes. 

A three-axis flight table, together with its associated 
electronic computer, possesses capabilities far beyond 
three single-axis flight tables. The three-axis table 
provides a platform for mounting all components of the 
aircraft control system which are sensitive to angular 
motion. Although these components may be tested on 
a planar basis, as described for the single-axis table, by 
permitting motion about only one of the three axes of 
the table, and although such tests normally are per- 
formed at least on a limited scale when a three-axis 
table is used in a problem, the real value of the three- 
axis flight table is its ability to facilitate the study of 
three-dimensional effects that are not present in planar 
problems. These effects include not only the cross- 
product terms in the aerodynamic equations but also 
the perhaps more important and often less obvious 
cross couplings that result between the outputs of 
certain of the control-system instruments when they 
are subjected to three-dimensional motion. As _ the 
problem of aircraft control is dynamic as well as static, 
the study of only the cross-coupling effects that are 
inherently present in even ideal instruments is not 
sufficient. By using the actual instruments on a 
three-axis flight table, the dynamic stability of the 
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control system in the presence of the unavoidable 
time lags and associated phenomena is evaluated 
readily. 

Of the several capabilities that are common to all 
flight simulators that include computing flight tables, 
the most important, as previously stated, is the one to 
provide realistic laboratory flight testing of an auto- 
matically controlled aircraft with a large percentage of 
The value of 
this particular capability lies, first, in the elimination 
of the need of a highly accurate measurement of the 
response of each component and, second, in the verifica- 


the actual control-system equipment. 


tion of such calculations and performance measure- 
ments as may have been made on portions of the system 
or on the complete system. These factors should not be 
misinterpreted—the need for system calculations and 
component-performance measurements are by no 
On the other hand, what is the 
possibility of obtaining complete response data for each 


component 


means eliminated. 


that is, data that describe the response 
with sufficient accuracy for any situation to be en- 
countered? Also, for these situations, how valid are 
such mathematical calculations as may be possible by 
hand or even by machine when the necessarily simplified 
descriptions of the component responses are used? The 
inherent presence in component responses of undesirable 
nonlinearities and nonidealities, which in many cases 
defy adequate mathematical statement, should be 
remembered. 

Other advantages may be realized when a guided 
aircraft is flight tested by utilizing a flight simulator. 
These advantages may not sound so impressive as the 
ability of a simulator to check the closed-loop per- 
formance of the control system; nevertheless, they are 
real and often have proved to be among the principal 
dividends from a simulator program. The use of the 
actual equipment on the simulator, often at a location 
remote from the place of manufacture of the various 
components, permits a realistic study of reliability and 
maintenance techniques under conditions approximat- 
ing those to be encountered in the field. Since a limited 
number of people, who perhaps initially are familiar 
with only portions of the system, are associated with the 
operation of equipment during a simulator study, the 
possible need for simplification of test and operation 
procedures may be recognized. 

In all fairness, some limitations on the capabilities of 
existing simulators should be noted. Certain com- 
ponents of the control system cannot be included in the 
test setup; for instance, no realistic means exists for 
generating the motion necessary to subject linear 
accelerometers to the displacements experienced in 
actual flight. 

Dynamic-pressure devices, altimeters, and similar 
units setup 

Variations in com- 
from 


may be incorporated in_ the only 
by indirect methods, if at all. 
ponent 
changes and the 


neglected. 


characteristics arising environmental 


effects of vibration usually are 


THE USE OF FLIGHT SIMULATORS 


A review of the mathematical formulation of the 
controlled-aircraft problem immediately evidences two 
important factors: 


(1) Insofar as possible, the problem should be 
analyzed by small sections, perhaps the sections in- 
dicated by the block diagram of Fig. 2. 

(2) Machine computation is mandatory for the 
solution of the overall problem, if not also for the small 
sections. 

These procedures are accepted without question as 
common practice in the design and testing of guidance 
and control devices today. Analog and digital com- 
puters of increasingly greater capacity are necessary as 
more complete formulations of the overall problem are 
solved. But the most important decision is whether a 
computer is adequate if it is adaptable to the solution 
of the problem only when it is stated in mathematical 
terms or whether a simulator must be provided in which 
actual control-system components can be incorporated 
for the problem solution. 

The uses of a simulator might be examined for the 
situation of a company receiving a contract to produce 
a new guided aircraft—that is, to initiate the original 
design and to carry through the development until the 
first test flights are completed successfully. What 
would be the major steps in the program to achieve 
an acceptable prototype? If the number of test flights 
must be limited, a possible sequence of events could 
be the following: 

(1) Brief analysis of the overall system and establish- 
ment of the various sections of the system with the 
principal requirements for each. 

(2) Detailed analysis of the proposed system to 
establish specifications for the equipment included in 
each of the sections. 

(3) Design of air frame, autopilot, and guidance in 
accordance with the specifications of (2); test of the 
completed units to determine discrepancies between 
actual responses and specifications. 

(4) Reinvestigation of the performance of groups of 
components and of the overall system with approxi- 
mations to the measured response of the actual com- 
ponents or, if certain of the components possess distinct 
nonlinearities, with those components included in the 
analog-computer setup. 

(5) Modification of components or of the basic 
objectives for the program consistent with the results of 
(4). Repetition of (3), (4), and (5) until acceptable 
performance is obtained. - 

(6) Complete three-dimensional study of the overall 
system with as many of the actual components of the 
autopilot and guidance sections as is physically prac- 
ticable. 

(7) Test flights of completed guided aircraft; repeti- 
tion of the preceding steps if necessary. 

This sequence of events when appropriately modified 
is applicable to the development of any type of aircraft. 
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The use of computing facilities is indicated for at 
least four of the seven steps of the design procedure. In 
(2), machine computation definitely is required to 
permit the evaluation of the many effects on the overall 
system of variations in each of the large group of param 
eters that are under the control of the designer and, 
hence, to establish realistic specifications for the sections 
of the system. Independent design studies of the auto- 
pilot, guidance, and air frame often can utilize a com- 
puter effectively in determining detailed requirements 
for the various components. Although the studies of 
(2) and (3) do not require a flight table 
of the components is available 


since none 
when prototypes of the 
components are completed and testing is begun, the use 
of a computer with a flight table may be necessary in 
addition to other test equipment. For (4) the overall 
system study again requires a large-scale computer, and 
perhaps a flight table. Even though the data from the 
tests of (3) indicate no need for using the actual con 
trol-system components during this study, after any 
modifications are (5), a three-dimensional 
laboratory test flight with the components is important 
as a final check on all phases of operation before actual 
flight. 

How much a flight simulator actually is used in the 
design of a new guided aircraft depends on a number of 
factors. The availability of a simulator with a suitable 
flight table, the experience of the designers with the 
types of components and subsystems included in the 
aircraft, the availability of test equipment for the 
separate components, the financial backing of the 
project, and the production schedule all influence the 
trend of the program. In certain instances known to 
the author, flight simulators have been utilized ex 
tensively in development of guided aircraft; whereas, 
in other circumstances, acceptable results have been 
obtained without as much use of such facilities. At 
the present time, insufficient data are available to 
evaluate conclusively the relative merits of the two 
approaches. Experience has shown that laboratory 
test flights can uncover serious design deficiencies 
that were not apparent from exhaustive analytical and 
machine studies without the actual components. 

The principal argument for incorporating the control 
system components in a simulator study is related to the 
difficulty of measuring the performance of the separate 
components. 


made in 


Individual response functions usually 
cannot be obtained with accuracy sufficient to provide 
valid mathematical representations. On the other 
hand, use of the actual components in the studies, 
particularly when the components must be carried by a 
flight table or actuated by some other unit in the 
simulator, puts severe requirements on the capabilities 
of the simulator equipment. Insofar as the equipment 
meets these requirements, informative studies may be 
made using the actual components; however, if the 
performance of portions of the simulator equipment is 
only marginal for a particular problem, the relative 
value of computer studies with and without the control- 


system components is open to question. Of course, an 
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analog computer that is not suitable for studies with 
actual components often may be employed in purely 
mathematical problems by utilizing the simple artifice 
of changing the time scale of the computing. 


THE ARGUMENT FOR FLIGHT TABLES 


Although, as stated in the early paragraphs of this 
paper, the emphasis in this discussion is placed on a 
flight simulator that includes a flight table, a few 
specific remarks about flight tables may be helpful. A 
flight table is a specialized and expensive device, unlike 
the other simulator equipment that may be purchased 
or developed much more readily and which may be 
used, once available, for many types of problems. The 
cost of designing and developing a three-axis flight table 
including the required associated equipment reaches 
six or seven figures. For a good single-axis table 
quoted costs range from $5,000 to $50,000. 
may somewhat if the tables are 
designed with limited capabilities for particular applica- 
tions. Experience has shown that no flight table can be 
adapted to more than a small range of types of aircraft 


These 


costs be reduced 


because of the vast differences in performance require- 
ments and in bulk of the control-system components; 
hence, no table is truly a general-purpose device. 

The assumptions are made that a flight simulator is 
fully capable of performing studies with the components 
from the control system and that the one question to be 
resolved is whether the angular-motion-sensitive com- 
ponents are to be mounted on a flight table in order to 
close the computing loop or whether these components 
are to be replaced by mathematical representations 
(other portions of the setup remaining unchanged). 
The second choice permits a realistic study, without the 
need for the investment in a flight table, of the per- 
formance of the autopilot electronics, the control- 
surface servos, and portions of certain guidance systems. 
However, in many instances the 
angular-motion-sensitive 


responses of the 
components are the most 
dificult to describe accurately, either statically or 
dynamically, because of the inherent and undesirable 
cross coupling between the various degrees of freedom. 
As these components are improved and as more com- 
plex components are developed for specific tasks, the 
prediction or measurement of their performance char- 
acteristics with the desired degree of accuracy for all 
modes of operation becomes much more difficult. 
Under these conditions, the advantages of closed-loop 
testing with a flight table are increased, provided that 
the available table meets the more stringent per- 
formance requirements that must apply. 

A realistic appraisal of the value of a flight table as a 
part of a flight simulator may reduce to the following 
situations: 

(1) If a suitable table, either single-axis or three- 
axis, is readily available, it can be used profitably during 
much of the design program for a new guided aircraft. 

(2) If a suitable table is not readily available, a more 
detailed computational 


study may be acceptable. 
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Such a study would be based on the accurately meas- 
ured responses of the control components and later 
would include in the simulator setup those components 
insensitive to angular motion. 

(3) For any program, the use of a large-scale flight 
simulator with a three-axis table for a final preflight 
laboratory test flight with as many of the components 
as possible included in the test setup is important in 
order that all previous calculations and performance 
measurements may be verified under realistic, three- 
dimensional operation. 

Although not mentioned previously, a_three-axis 
flight table with its associated computer also may be of 
great value in analyzing any malperformance of a 
guided aircraft if the initial test flights are unsuccessful. 
On the other hand, even though the flight table is an 
integral part of the computer, its use purely as a com 
putational device without any of the aircraft com- 
ponents usually is not warranted because its inherent 
accuracy is normally somewhat less than other analog- 
computing equipment. 

This appraisal is supported not only by the preceding 
discussion but also by experience with the M.I.T. Flight 
Simulator.” * The a.c. and d.c. computer sections of 
the Simulator have been used constantly by many 
agencies, often on a 13 hour per day schedule, to solve 
the complex mathematical problems of aircraft in 
guided flight and produced data of great value. On 
several occasions, the three-axis flight table and the 
single-axis tables have furthered investigation of the 
performance of aircraft control systems that had char- 
acteristics adaptable to the tables. Improvements 
made in the control systems as a result of these flight- 
table studies have contributed substantially to the 
achievement of the desired goals by preventing some 
\ctually, the 


of these unsuccessful flights may bi 


unsuccessful test flights. possible cost 
conceived as being 
greater than the total investment in the flight tables; 
hence, even though the tables are specialized equipment 
that are utilized less than the remaining portions of the 
Simulator, their existence has been justified. 


CONCLUSIONS 


The use of a flight simulator is required in the 
successful design of guided aircraft that are controlled 
by complex autopilot and guidance systems. Even 
though the initial mathematical studies do not necessi- 
tate the use of a flight table, when the control-system 
components become available, a single-axis table then 
a three-axis table may be employed advantageously. 
A final laboratory test flight with as many of the actual 
components as can be incorporated in the simulator 
setup often may serve as an effective check on previous 
calculations based on measured and predicted com- 
successful 

initial guided 


ponent responses, hence ensuring con- 


trol-system 
flights. 


performance during the 


Finally, several observations may be made concern- 
ing the computing equipment for a flight simulator. 
Generalized analog and digital equipment, adaptable to 
a wide variety of problems, is unquestionably of great 
If arrange- 
ments can be made to use an existing flight table during 
the design of a control system, very worth-while data 


value and will be utilized increasingly. 


on the performance of the complete system can be 
obtained. 

The flight 
should be attempted only after thorough investigation 


development of a_ three-axis table 
substantiates the true need for the device in more than 


one design program and the feasibility of con- 
structing a table consistent with the required speci- 


fications. 
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College Park, Md. 


Conference on Supersonic Flow 


A\n unclassified Conference on Supersonic Flow will be held in the Mathematics Building, 


University of Maryland, from 9: 30 a.m. to 5:00 p.m. on March 19-90, 1954. 


Information concerning the Conference may be obtained from Dr. E. L. Resler, Associate Re- 
search Professor, Institute of Fluid Dynamics and Applied Mathematics, University of Maryland, 
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Flight Observations of 


Suction-Stabilized Boundary Layers 


B. H. CARMICHAEL* 


Mississippi State College 


INTRODUCTION 


i ew GOAL of aerodynamic achievement has always 
been to move a given pay load through the air in 
the most economic manner. The desire for economy 
of flight invariably leads to the study of drag reduction. 
The concept of induced drag, or that portion of the total 
drag which is inherent in the production of lift, was 
understood at an early date. Compromises were then 
made between weight and aspect ratio to reduce the 
induced drag. Similarly, the pressure drag has grad 
ually been reduced over many years of air-frame de- 
velopment by eliminating bluff components. Thus, 
the major portion of the drag in subsonic cruising flight 
can now be attributed to the skin friction. As a result 
there is currently a concentration of effort on skin drag 
reduction studies. 

Shortly after the dawn of flight in powered heavier 
than-air machines, a half century ago, Prandtl de- 
veloped the concept of the boundary layer.!| The Bla- 
sius? and von Karman* works show the large difference 
in skin drag associated with laminar and turbulent 
flow in the boundary layer. In 1904 Prandtl demon- 
strated that sucking a portion of the fluid in the bound 
ary layer through the wall would prevent laminar 
separation under adverse pressure gradients. It is 
an unfortunate fact that after 50 years of aircraft con- 
struction there does not yet exist even an experimental 
airplane that enjoys the benefit of suction flow control 
over that portion of its surface area under adverse 
pressure gradients. In fact, the majority of operational 
aircraft exhibit laminar flow over only a small portion 
of the skin area having favorable pressure gradients. 

This is not to say that efforts have not been continued 
in this line. There are innumerable theoretical studies 
that have contributed to the basic understanding of 
boundary-layer flows. Many of them deal with only a 
portion of the problem (e.g., zero pressure gradient, 
impervious surface, etc.) but all add to the knowledge 
necessary to gain and maintain control of the laminar 
boundary layer. A recent theoretical paper by Torda‘ 
treats the specific problem at hand—namely, tailoring 
a chordwise variation of suction to maintain a prescribed 
laminar boundary-layer behavior under the adverse 
pressure gradient associated with the upper surface of 
a lifting wing. 

Experimental studies have been more limited in 
number because of the difficulty of obtaining low stream 
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Annual Meeting, IAS, New York, January 26-29, 1953. 
* Project Aerodynamicist, Aerophysics Department. 
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turbulence in wind tunnels and also the difficulty of 
conveniently collecting data in free flight where stream 
turbulence ceases to limit the results. The elegant 
studies of Pfenninger on airfoils with multiple suction 
slots’ and the paper of Schwartzberg and Braslow‘ 
dealing with area suction indicate the state of wind-tun- 
nel data in this field. The English research’ by Sir 
Melvill Jones and M. R. Head reported at the Brighton 
conference in 1951 is one of the two sources of free- 
flight information on suction-stabilized boundary layers. 
The English studies were limited to a nonsupporting 
test surface and treated only the case of zero pressure 
gradient and the low pressure gradient corresponding to 
simulated high-speed airfoils at zero angle of attack. 
The paper presented last year by Raspet® and _ this 
paper cover the case of a lifting airfoil in free flight and 
show the actual variations in boundary-layer charac- 
teristic in a chordwise direction under a varying dis- 
tribution of suction. 


GOAL AND METHODS OF PRESENT RESEARCH 


The goal of present research is to determine whether 
the entire surface of a lifting wing in flight can be main- 
tained laminar and what portion of the external gain 
is consumed by the power needed to provide the suction 
stabilization. The use of sailplanes in this research 
provides many advantages. First, sailplanes are ex- 
tremely inexpensive when compared to wind tunnels. 
Secondly, the research sailplanes enjoy the same en- 
vironment in which the vehicle embodying those re- 
search results must eventually fly. After release at 
altitude from a powered tow plane, the sailplane begins 
a silent vibrationless glide through the turbulence-free 
test environment. Known and controlled disturbances 
can then be produced and their effects noted with cer- 
tainty. The only inconveniences of this type of testing 
are the well-known dependence on favorable weather 
and the necessity of dynamic balance on any pressure 
instrumentation to prevent the rate of descent from 
influencing the readings. The data in this research 
were taken between an altitude of 12,000 ft. and sea 
level with speeds from 40 to SO m.p.h. 


TEST SURFACE 


Before perforating a complete wing for the final ex 
periment, it was, of course, desirable to develop the 
optimum porosity distribution on a test section. A 
portion of the wing (NACA 4416 section), located well 
out of the disturbance area of the fuselage but close 
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enough to simplify the procedure of data collection, 
was chosen as the test section. The 45-in. wide test 
bay has a chord of 5 ft. which produces flight Reynolds 
Numbers on the order of 2 to 4 million. The nose 
torque box of the wing which accounts for the first 
35 per cent of the chord has been left impervious in 
these experiments but has been smoothed and ren- 
dered wavefree to an extent that will permit laminar 
flow to exist at least to the fabric-covered aft portion 
of the section which had been rendered porous on the 
upper surface by perforating with a needle. Spanwise 
running rows of small holes were punched in the fabric 
at 20 to the inch such that a slot sink is approximated 
without the usual manufacturing difficulties associated 
with a slot. The porosity of the surface can therefore 
be controlled by hole diameter, the chordwise spacing 
of the rows, and the spanwise hole spacing. For sim- 
plicity, the entire inner wing from the rear of the torque 
box to the trailing edge has been left as one compart- 
ment. The internal pressure is reduced by means of a 
battery-powered electric blower that exhausts into the 
rear of the fuselage and thence to the air stream. 


ADDITIONAL STUDIES WITH THE ORIGINAL POROSITY 
DISTRIBUTION 


That the boundary layer could be stabilized in flight 
to the trailing edge of a lifting wing by application of 
suction through a perforated surface was shown in pre- 
vious work at Mississippi State College.* It was also 
noted that there was a lower and upper limit to the 
chamber pressure under which the boundary layer would 
remain laminar. The first experiments following refer- 
ence 8 were therefore directed toward a complete defi- 
nition of these limits with the original porosity distri- 
bution. The stethoscope was used as the instrument 
of detection in this work. A small total head tube 
at the end of the wand served as the acoustic pickup, 
and the sound traveled through a piece of tubing con- 
nected from the other end of the wand to the observer's 
earpiece. The laminar boundary layer has a hissing 
sound of low intensity. Under marginal stabilization 
one first hears bursts of turbulence at widely spaced 
intervals, then, on moving backwards with the wand, 
the frequency of the burst increases until the steady roar 
of turbulent flow is heard. 


Fig. | is the result of several flights where the internal 
wing pressure was varied over a wide range at several 
different air speeds. On the abscissa is shown the air- 
plane lift coefficient, while the ordinate indicates the 
amount that the internal wing pressure lies below static, 
expressed as a multiple of the dynamic pressure of 
flight. The contour lines are loci of transition on the 
upper surface of the test section. The boundary at 
the right represents the lift coefficient at which the 
position of transition moves forward on to the imper- 
vious torque box. Suction behind this transition point 
cannot re-establish a laminar boundary layer. The 
plateau in the center of the diagram represents those 
combinations of lift coefficient and internal pressure 
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which permit complete stabilization. It can be seen 
that, at the lower lift coefficients (representing the high- 
est air speeds), the minimum and maximum wing pres- 
sure settings for full stabilization converge. The re- 
sults obtained with this first porosity distribution there- 
fore posed two questions: Why does the application 
of a high negative internal pressure cause destabiliza- 
tion and why is there no value of internal pressure which 
will allow full stabilization at the highest air speed? 
While the stethoscope was able to define the position 
where the flow became fully turbulent and even some 
information on where it first became marginal, in itself 
it could not diagnose the trouble. It therefore became 
necessary to obtain boundary-layer profiles and also 
to study the chordwise distribution of inflow in more 
detail. 


DISTRIBUTION OF PRESSURE DIFFERENTIAL ACROSS 
THE SKIN 


The rate at which air is removed from the boundary 
layer is a function of the skin porosity and the pressure 
A series of experi- 
ments with perforated metal, plywood, and fabric has 
shown the flow to vary with the square root of the pres- 


differential existing across the skin. 


sure differential and the 2.5 power of the hole diameter 
Thus, the action appears to correspond more closely 
to orifice-type flow (d*) than to laminar tube flow 
(d‘). This behavior was first established in static tests 
in the laboratory, but it was later proved in flight to 
hold true in the presence of airflow across the perforated 
surface. 

The pressure differential across the skin was measured 
as a function of the air speed, chordwise position, and 
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internal chamber pressure in the following manner. 
A tiny fin-stabilized static tube suspended by a flexible 
tube from a metal wand fed the static pressure at the 
wing surface to the pitot side of a sensitive air-speed 
indicator. The static side was connected to the interior 
of the wing. As the little static tube was ‘“‘flown’’ in the 
boundary layer from the end of the wand at each chord 

wise position, the true pressure differential was given on 
the indicator. 

These pressure differential measurements indicated 
that, with the internal pressure set low enough to pre 
vent outflow in the forward porous region (where the 
external velocities were highest), the pressure differen 
tial at the trailing edge was high and that this situation 
became more serious as the air speed increased. Thus, 
it would seem that the trouble at high speed was exactly 
akin to the problem of destabilization at high wing in 
ternal pressures at more moderate air speeds. The 
question now becomes one of just how the presence of 
a large pressure differential can destabilize the boundary 
layer. A series of tests was next made to obtain bound 
ary-layer profiles at several chordwise locations as a 
function of air speed and internal wing pressure and 
with two different distributions of porosity. 


DISTRIBUTION OF INFLOW 


The inflow distribution was measured in the hangar 
by applying the pressure differential measured in flight 
at each chordwise location and measuring the flow 
through the row of holes at that point with a variable 
area flow meter. Although individual rows of holes of 
the same diameter had differing resistances, it was possi 
ble to establish representative average values, which 
will appear on subsequent figures. 

The original distribution of porosity was arrived at in 
an empirical manner. A very porous area was produced 
just behind the impervious torque box on the theory 
that a large inflow would be required to overcome the 
effect of the slight discontinuity where the fabric met 
the cloth and also to re-energize the boundary layer 
that had traveled 1.75 ft. over the impervious forward 
portion of the airfoil. The extent of laminar flow was 
measured each time the region of porosity was extended, 
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and this information was used in the choice of porosity 
for the next extension. The level of the inflow ap- 
peared in four main steps, therefore, as shown in Fig. 4, 
with the value rising gently with the pressure increase 
on each step. 

The second porosity distribution used for boundary- 
layer measurements was obtained by reducing the 
porosity over the entire chord while still retaining an 
area Of relatively higher porosity just behind the im- 
pervious section. This porosity reduction was attained 
by decreasing the hole diameter. 


BOUNDARY-LAYER TERMINOLOGY 


Before presenting the results of the detailed bound- 
ary-layer study, it might be desirable to present a 
graphic review of some of the boundary-layer nomen- 
clature. 

The boundary layer is a thin layer of fluid next to the 
surface of a body where the viscous forces cause flow 
conditions that differ from those predicted by potential 
theory. The velocity of the fluid is assumed zero at the 
surface and increases with distance from the surface 
until it becomes equal to the potential velocity at the 
yutside limit of the boundary layer, as shown in the 
diagram of Fig. 2. The vectors to the right of the 
profile represent the loss in velocity from the potential 
value. 

If the abscissas of the preceding diagram are multi 
plied by the fluid density, a similar diagram is obtained 
Fig. 2. The area to the left of the curve is now the 
rate of mass flow through the boundary layer, while the 
area to the right represents the loss in rate of mass 
flow from the potential value due to the viscous influ- 
ence in the boundary layer. Consider now a layer of 
fluid having lost the full potential velocity. It must 
have a depth 6* in order to have the same loss in mass 
flowy as the actual boundary layer. This equivalent 
layer of stagnant air has displaced the potential flow a 
given distance from the surface. This dimension 6* is 
therefore called the displacement thickness and _ is 

t In general usage the term mass flow has come to imply a time 
rate. Therefore, the term “rate of” is omitted as redundant in 
the remainder of the text 
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SUCTION-STABILIZED BOUNDARY LAYERS 


indicative of the loss in mass flow in the boundary 
layer. 

Now, if we take the mass flow pu through an element 
of height, dy, and multiply it by the velocity loss (U 
— uw) at that height, we obtain the loss in momentum 
for that element. By integrating this from the surface 
to the outer edge of the boundary layer, one obtains the 
total loss in the boundary laver as shown in Fig. 3. 
A layer of stagnant air with a thickness of 6 has the 
same loss in momentum as the actual boundary layer. 
This dimension is therefore called the momentum thick- 
ness and is indicative of the loss in momentum (or drag) 
caused by the viscous influence in the boundary layer. 
The ratio of displacement and momentum thickness 
(/7) indicates the shape of the boundary-layer profile. 


RESULTS 


Boundary-layer profiles were obtained with a laminar 
“mouse’’ consisting of nine total head tubes made of 
hypodermic tubing flattened at the end and a static 
tube. The pressures were transmitted through a belt 
of plastic tubes to a photomanometer bank in the 
observer's cockpit of the sailplane. The air speed and 
internal wing pressure were also recorded on the 
photomanometer bank. ‘The procedure was to tape the 
mouse down at a given chordwise position, tow to 6,000 
ft., and, after the release, the pilot maintained a steady 
air speed while the profiles were photographed at several 
different settings of internal pressure. The air speed 
was then advanced to the next desired value and the 
process repeated. At the end of the run the mouse was 
moved to the next chordwise position and the flight 
repeated. 

Fig. 4 presents boundary-layer development for an 
air speed of 93 ft. per sec. with a minimum amount of 
suction permissible for complete stabilization for both 
the original and the second porosity distribution. The 
large difference in inflow is readily apparent at the bot- 
tom of the chart. Next we notice that the surface shear 
that has been decreasing as we proceed aft along the 
impervious leading edge is increased fourfold by the 
original large inflow but hardly at all by the lower 
inflow. The displacement and momentum thicknesses 
are greater for the lower suction, the increase being 
much more pronounced for the displacement thickness. 
Thus, the shape parameter // for the lower suction 


maintains the high value (2.6) which it has at the end 


of its run over the impervious forward part of the airfoil, 
whereas for the high inflow it varies between 1.6 and 2.0. 
Because of the thicker boundary layer associated with 
low suction, the value of Pohlhausen’s parameter is 
—17, the 
boundary layer is attached and laminar. The Reynolds 


larger. In spite of reaching a value of \ = 
Number based on local potential velocity and displace- 
ment thickness reaches a value of 2,500 for the low-suc- 
tion and only a value of 1,300 for the high-suction case. 

Fig. 5 presents a similar comparison of boundary- 
layer characteristics at an air speed of 123 ft. per sec. 
Again we see that the lower inflow allows thicker bound- 
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ary layer with the displacement thickness increasing 
faster than the momentum thickness, thus resulting in 
high values of the shape parameter /7. The most note- 
worthy point on this chart 1s the value of 3,145 for 
Reynolds Number based on displacement thickness. 

The comparisons shown thus far have represented 
different distributions of inflow occasioned by surfaces 
of porosities having a ratio of 3.6 to 1. Fig. 6 presents 
comparative characteristics on the same porous surface 
(pricked with 0.012-in. holes) for two values of internal 
wing pressure. The same effects are witnessed here as 
in the case of differing inflow due to differing porosity. 
Increasing pressure increases the shear and decreases 
the boundary layer, displacement, and momentum 
thickness, as well as the shape parameter //. The high 
inflow case had the largest pressure differential that still 
permitted full chord laminar flow. It can be seen that 
the large pressure differential at 90 per cent chord has 
thinned the local boundary laye 
lower values. 


r and drawn // toward 


OPTIMUM SUCTION FOR A GIVEN POROSITY 
DISTRIBUTION 


The preceding charts have shown that increasing 
suction reduces the momentum thickness at the trailing 
edge which signifies a reduction in the external drag. 
However the cost of the suction must be converted to 
an equivalent drag coefficient and the total of this plus 
the external drag examined to establish the optimum 
suction. The Squire and Young formula of reference 9 


26 U (H + 5)/2 
Cp ( 
C As 


was used to obtain the external drag of 90 per cent C 
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for each value of internal wing pressure investigated at 
a flight speed of 93 ft. per sec. It is assumed that the 
pressure of the sucked air is raised from the internal 
wing value — Ap/g to the free-stream dynamic pressure. 
The equivalent drag, which is the cost of suction, is 
therefore (1 — Ap/q)Ce 

Fig. 7 presents the individual contributions to the 
total drag together with the total drag as a fumction of 
the inflow Cg. It can be seen that the momentum thick- 
ness decreases at a slower rate than the cost of suction 
increases for all the points that represent laminar 
boundary layers. It would appear that the best pro- 
cedure is to allow the laminar boundary layer to build 
up to a relatively high displacement thickness (with 
attendent low shear) over the impervious forward sec- 
tion and then apply just enough suction to maintain 
this stable profile to the trailing edge. The lowest 
value of Cg exhibits a high wake drag because the 
boundary layer has become turbulent at this value of 
inflow. Therefore the minimum point in the total drag 
curve is not a true minimum but only the lowest attain- 
able for this particular distribution of porosity. It 
should be noted that the equivalent drag due to suction 
is higher than the external drag at the lowest inflow 
under which a laminar boundary layer was established. 
An idea of the gain for this particular airfoil at a Reyn- 
olds Number of 3 million can be gained through the 
following comparison : 


Rough airfoil = ().0105 
Smooth airfoil Cp = 0.0075 
Smooth airfoil with suction Cn = 0.004 


~ 
| 


The total drag of the upper surface was doubled to 
obtain the drag of the entire airfoil with suction. This 
is pessimistic since the pressure gradients are not as 
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SUCTION-STABILIZED 


severe on the lower surface and should not require as 
much inflow as the upper surface. 


CONCLUSIONS 


(1) The initial high-porosity surface was unable to 
maintain the full chord stabilization that it demon- 
strated at 93 ft. per sec. when the air speed was in- 
creased to 123 ft. per sec. This was shown to be the re- 
sult of an overthinned boundary layer caused by exces- 
sive inflow toward the rear of the test surface. The 
excessive inflow in turn was found to result from the 
higher pressure differential across the skin at the rear 
of the airfoil at 123 ft. per sec. 

(2) By reducing the porosity of the surface to one 
third of its previous value, full stabilization was ob- 
tained at 123 ft. per sec. by preventing excessive inflow 
in spite of the high pressure differential at the rear re- 
quired to prevent outflow further forward on the sec- 
tion. 

(3) The Reynolds Number based on displacement 
thickness and local potential velocity reached a value 
of 3,145 without destabilization of the boundary layer. 

(4) Pohlhausen’s parameter (A) reached a value of 
—21 (Fig. 5) without the occurrence of laminar separa- 
tion or boundary-layer destabilization, whereas the 
theoretical \ for laminar separation is — 12. 

(5) With the low-porosity surface, it was possible to 
retain the low surface shear value obtained at the trail- 
ing edge of the impervious nose section over the re- 
mainder of the airfoil. 
a value of // = 2.6 over the entire porous portion of the 
airfoil. 


It was also possible to maintain 


(6) With the low-porosity surface, the total drag in- 
cluding suction was reduced to 54 per cent of the drag 
measured on the same surface, aerodynamically smooth 
but impervious. 

(7) With the low-porosity surface, transition oc- 
curred before the inflow was reduced to a value that 
would demonstrate a minimum in the total drag curve. 
With a more rational distribution of porosity, tailored 
to the requirements for a boundary layer of more uni- 
form chordwise behavior, it should be possible to attain 
further reductions in total drag. 


In conclusion, remarks should be directed 
toward the applicability of this study to the engineering 
problems associated with producing an operational 
laminar aircraft. In the past, experimental studies have 
been questioned for applicability on the basis of Reyn- 


some 


BOUNDARY LAYERS 4] 


olds Number based on flight speed and surface dimen- 
sions in the flow direction. This is only valid on im- 
pervious surfaces where the boundary layer is permitted 
to grow naturally. Where the boundary layer is con- 
trolled in depth and shape by variable distributed suc- 
tion, the flight Reynolds Number loses its significance. 
Concern has also been expressed over the combined 
action of suction and increased air speed in producing 
thinner boundary layers. A given surface roughness 
under this action may become critical compared with 
the thickness of the boundary layer. Perforating skin 
does not appear to increase the effective roughness, 
and the inflow control possible with perforated skin de- 
creases the probability of transition due to overthinned 
boundary layers. In short, the study thus far on suction- 
stabilized boundary layers indicates no insurmountable 
obstacles to application on large, fast, subsonic air- 
craft. The problem of leading-edge contamination by 
insects, rain, etc., is an operational problem that must 
either be overcome or considered in the use of “laminar 
aircraft.” 


Nineteen hundred fifty-four will mark the fiftieth 
anniversary of Prandtl’s initial concept of the boundary 
layer and the role of suction in preventing laminar sepa- 
ration. Let us hope that it also marks the first flight of 
an all-laminar airplane. 
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The Decimal Digital Differential Analyzer 


A New Tool for Engineering and Science 


MYRON 


Computer Research 


INTRODUCTION 


iu IS A PARADOX of the computer world that the digi 
tal differential analyzer (DDA) is admitted to be a 
fundamental and important new development, and at 
the same time little is known in detail of its characte: 
istics and fundamental properties. 
attempt to remove this paradox. 


This paper is an 


HISTORICAL 


Integration has long been recognized as essential and 
basic to many computing situations. Since integra 
tion is a continuous process, most approaches to realizing 
Mechani 
cal and electrical analog techniques were developed and 
then subsequently employed in building computing sys 
tems of thistype. The inherent limitation that a prob 
lem solution based on physical representation can be 
no more precise than the physical components them 
selves and the fact that each in-line physical element 
passes its error to the next element meant that in ele 
mentary situations solutions were of limited precision, 
and, in complex situations, the solutions were of doubt 
ful value. 

To difficulties, the alternative 
method was to go to digital computing techniques. As 
they then existed, these techniques involved either 
simple, discrete, digital integration processes requiring 
small step size and long computing time or higher orde1 
digital integration processes requiring complex program 
ing for their execution. 


it in machines have been on an analog basis. 


overcome these 


In either case a large, high 
speed, internally programed computer was needed, 
and programs were not simple. Where it was neces 
sary to solve one particular system repeatedly, it was 
worth the price to carry out this complex programing. 
But in a situation requiring the solution of a wide 
variety of problems, this was not a satisfactory solu 
tion. The same situation exists today. 

Obviously, then, to meet the demands of a computing 
situation in which the user required more than analog 
precision and at a price far below that of the large digi 
tal computer, some sort of new technique was required. 
In retrospect, the requirements of this new device are 
obvious. It had to be digital in its computation to 
yield the precision required; it had to be reasonable 
in size and price; it had to retain the desirable char 
acteristics of its analog predecessors. To meet the last 
requirement, problems had to be placed on the machine 
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in the form of interconnected loops of integrators, mul- 
tiphers, and adders. Curve-plotter output and curve 
follower input, as well as digital output and input 
equipment, had to be available. 

These requirements led naturally to the development 
of a digital integrating device, groups of which could be 
interconnected to vield solutions to equations in dif 
ferential form. 


THE CHARACTERISTICS OF AN INTEGRATOR 


Let us examine the requirements of an integrating 
mechanism, It must take in two differential inputs, 
which we shall call dx and dy, perform a continuous 
summing operation on dy to produce a quantity y, 
and finally give as its output a quantity dz, where the 
quantities y, dx, and dz are related by Eq. (1): 


dz = Kydx (1 


The quantities dx, dy, dz should all have the same phys 
ical form so that interconnection of integrators may 
be direct. It is to be noted that certain integrating 
systems permit only one dx quantity common to all 
integrators— that is, all integrations are with respect 
to one independent variable. 

To provide an analogy for comparison with a digital 
integrator, let us see what the quantities dx, dy, and 
dz are for a mechanical wheel-and-dise integrator (Fig 
|) and how Eq. (1) is realized. 

The device consists of a flat disc rotatable about an 
axis through its center and normal to its surface. A 
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wheel is mounted with its surface normal to the sur- 


face of the disc in a carriage that can translate along a 
diameter of the disc. The carriage may be translated ae ane 
| by means of a lead screw arrangement that serves to ry 
| sum rotations and transform them into a proportional ra \ 
| linear motion. The wheel is in light contact with the az = kydx 
disc and will have rotary motion imparted to it when - \Uvaz 
the disc rotates. a 


Assume the wheel is at rest at a distance y from the 


center of the disc. If the disc is given a small rotation wa seamed 
7 dx, the wheel will in turn rotate by a small amount dz. DISC Ct Lg 
nee The relation between dz and dx and y is obtained. Lotpe, 
nput The total distance, S, that a point on the circum- . ioe 
ference of the wheel moves is given, by the geometry of bad 
nent the device, as 
d be S = ydx (2) me? 
dif 
and, if the wheel is of radius k, the angular amount dz 
by which it moves is given by 
dz = (1/k) vdx (3) 
ing At the same time, a differential input dy may be applied 
mits, to the lead screw, which by its very nature acts as a re 
wones summing device to provide continuous values of y for 
yy, the operation. Thus, Eq. (3) shows that the wheel- 
the and-dise integrator meets the requirements we have set 7 at 
down. It accepts differential inputs dx and dy in the 
l form of differential rotations, provides a continuous 
summing of y, and produces a differential output ds L , 
ays satisfying Eq. (1) with A = 1/k. Note that all in- | le 
may puts and outputs are of the same form. 
n going to the digital integrator, let us use the 
- geometric interpretation of integration as the area under 
eC re (Fj 9) 
‘tal If the height of the curve at the instant we look at 
our integrator is y and the increment that we observe 


shown is ydx and, except for the constant of propor 


an | Uonality, is the amount produced at the output of the a an — 
\ wheel. It is important to note that the output of an 

integrator is only a differential quantity and must 

actually be summed in order that the total integral be 


| 
tio | the dise to rotate by is dx, then the area of the rectangle 


known at any time. If, as the disc is undergoing the yi x 
rotation dx, the lead screw is being driven by an amount 
dy so as to maintain the value y, the differential dz will 


be exact. In a mechanical device the problem is that oe le ape ro 


no lead screw is perfect, the wheel may slip with respect Xo X] Xj Xj41 Xm 
to the disc, and torque amplification is required if the 

dz output is to be of any use. For interconnecting such 

devices, gear-trains or servomechanisms are required Figure 3 
with their attendant problems of play, backlash, ete. 

The same process of obtaining the differential area : m ; 
under a curve of height y due to a differential incre- F= — Xi), = fl) (4) 
ment, dx, can be obtained in a digital device. Let us 
consider a form of the classical Riemann definition of We know that 
an integral. 

Referring to Fig. 3, we make a subdivision of an ydx = lim > yi(xign — x; (5) 
interval having dividing points a = vo, 41, = 


et- 
nt. and form the sum as 1 —> o, 6—~ 0, where 6 = maximum (x 
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Figure 5 


Figure 6 


and that for any assigned accuracy ¢€ we can find a non 
zero 6 such that Eq. (6) is achieved. 


b m 
ydx — >. y (Xian — Xi) (6) 
a i= 1 


That is, if we make our subdivision fine enough, a finite 
sum will approximate our integral to any precision de 
sired. 

Let us examine the sum F. We specialize our sub- 
division so that all x; are equally spaced and F becomes 


m 


F=Ax) (7) 
= 1 


where Ax is the common length of x;,; — x; for 7 = 
0, 1,...m— 1. Eq. (7) shows that the approximate 
integral is proportional to the sum of function values 
at an equally spaced set of points and that, for each step 
Ax of the independent variable, the value y,; of the 
integrand existing at the beginning of that step must 
be added to the existing sum. Now, from Fig. 3 we 
can see that each value y,,; can be obtained from the 
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preceding value y; by incrementing y; by an amount 
Ay;. These facts lead us to the following form of a digi- 
tal integrator. 

Let us now consider two digital storage registers ar- 
ranged as in Fig. 4. The lower register, which we call 
Y, contains the value y,; at the time we have reached 
the point x; The upper register, which we shall call 
V, contains the value of the sum F accumulated to this 
point, if we ignore the common factor Ax. The sym 
bolism of the figure is to indicate that for each Ax step 
we add Y to V. To move from point x; to x,41, we 
perform two simultaneous operations. 

i 
(1) We add y; to >> y, to form >> y, in the V 
j=l j=l 
register. 

(2) We add Ay; to y; to form y;,; in the Y register. 

Eq. (7) shows that the contents of the V register are 
proportional to F, which is in turn a satisfactory ap 
proximation to dx. 

Let us now divide the V register, which at this point 
we assume to ke of indefinite length, into two sections, 
Z and R (Fig. 5). The first, or R section, is of N deci- 
mal digits in length, where N is the number of decimal 
digitsin the Y register. The second, or Z section, is the 
remainder of the V register. 

If we divide our attention in this fashion and as- 
sume y; is an integer, we can define the quantities held 
in each of these sections. 


Z= fwhere| | = greatest integer in 


(S) 


(9) 


We note that Z can increase only by means of a carry 
coming from R. We shall call such a carry Az. Let 
us illustrate this by Fig. 6 where we note that 


Az = [(1/10*) (R + Y)] 


N 


Let us stop here and draw an analogy to the wheel-and 
disc integrator. 

The contents of the Y register, y;, correspond to the 
distance y between the wheel and the center of the disc. 
The increment Ay, being summed into y,; corresponds 
to the incremental rotation being applied to the lead 
screw, and the summing operation corresponds to the 
physical operation of the lead screw. The step of Ax 
causing the addition of Y to V corresponds to the dif 
ferential rotation being applied to the disc. The step 
Az produced as a result of such a situation corresponds 
to the differential rotation supplied as the output of 
the wheel. The accumulation of this quantity Az cor 
responds to the summing operation necessary to produce 
the total integral. In other words, if we retain only 
the R portion of V and take carries out of the most sig 
nificant digit of Ras Az, we have succeeded in discretizing 
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the concept of the wheel-and-disc integrator using digital 
techniques, and this discretizing may be as precise as 
desired—that is, the configuration of Fig. 7, where Y 
and R are digital registers, dx and dy are digital inputs, 
and dz is a digital output, satisfies our definition of, and 
requirements for, an integrator (1) dz = Kydx, with 
K = (1/10%) and (2) all inputs and outputs of a com- 
mon physical form. In the actual mechanization it 
has been found that greater precision is obtained if 
y; + Ay, is added to R instead of y; alone. 


SIGNED INFORMATION AND A NUMBER SYSTEM 


An integrating device must handle signed informa- 
tion in its inputs and its outputs. In the wheel-and- 
disc integrator of Fig. 1, we arbitrarily assign as positive 
the dx rotation shown, the y position to the right of 
center, the dy rotation of the lead screw as shown, and 
the resultant rotation of the wheel. This results in a 
completely compatible and consistent system. If the 
wheel is moved to the left of center giving negative y, 
while dx remains positive, the output will reverse its 
sense, giving negative dz. If y is negative and dx is 
reversed, negative values of both y and dx are obtained, 
and the dz output is positive. Similarly, positive dy 
inputs to the lead screw increase the value of y, and 
negative inputs decrease it. Thus, each input and 
output can be positive or negative, with the output al- 
ways maintaining the sign relation of the operands 
according to dz = Kydx. 

It would seem that in the digital system the dz out- 
put (which, remember, is an overflow, or attempted 
carry-out of the most significant digit of R) must have 
a sign attached to it according to a combination of the 
signs of y and dx just as the wheel rotation has both a 
magnitude and a direction of rotation. For reasons 
Thus, 
an extremely ingenious number representation has been 
We shall explain this 
number system by defining it and then demonstrating 
(See Fig. 8.) 
the Y and R registers by one binary digit. 


of mechanization, this approach is undesirable. 
chosen to avoid this complexity. 
its properties. First, we extend both 
Let us, for 
convenience, think of a decimal point lying just to the 
right of this digit. 

Now, we define carry-outs of this binary place as 
dz’s. Let us assume that in Y this binary digit is a 
one, all other digits are zero, and that we are progressing 
Then, it will be seen that the 
dz output of the device will be 0, 1, 0, 1,0, 1,..., where 


by successive steps of dx. 


the zeros represent no overflow and the ones represent 
overflow. We shall call such a dz pattern a zero rate. 
Now, let us suppose that the Y number is 1.5 and 


make the additions 


0.0 R 
1.0R 
1—O0.5R 
1—0.0R 


> 


yj 


ONE BINARY DIGIT 


Figure 8 


The arithmetic shows that the dz output is 0, 1, 1, 1, 


0,1, 1,1,.... Again, let us suppose that the Y num- 
ber is 0.5 and make the additions 
0.0 R 
0.5 
0O-—O.5R 
0.5 
0O<-—1.0R 
O—1.5R 
0.5 Y 
1—0.0R 


This time the dz rate appears as 0, 0, 0, 1, 0, 0,0, 1,... 
Let us assign as the maximum positive rate 1,1, 1,1,... 


and as the maximum negative rate 0, 0, 0, 0, .. . and 
compare the five cases 
(1) Maximum negative Y = 0.0 
0;:0; 
(2) Y 
(3) Zero rate Y = 1.0 
(4) Y=1.5 


(5) Maximum positive VY = 


We note that for a zero rate each one is balanced by a 
zero; hence, a zero rate can be given a real meaning if 
each zero, or no overflow, is assigned a weight of —1. 
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0,0,0,0,0,0,0,0 1,1,1,1,1,1,1,) 
-1.000000 +.999999 


UNIT 


0,0,0,1,0,0,0,1 


0,1,1,1,0,1,1,] 


He 


+.5 


0,1,0,1,0,1,0,1,0 


NUMBERS INSIDE THE RING REPRESENT VALUES AS INTERPRETED IN THE NEW 
NUMBER SYSTEM AND VALUES OUTSIDE THE RING REPRESENT THE EQUIVALENT 


NORMAL VALUE. THE dz RATES PRODUCED BY NUMBERS INSIDE THE RING 


ARE ALSO SHOWN FOR COMPARISON 


Figure 9 


We make this assignment and total each of the five cases 
over the eight dx steps shown. 


weight 1 


(2) Y=0.5dz=0 0 0O 


(3) Y = 10dz = 0 l 0 l 0 l Q | 
wegat—- 


(4) Y=1.5dz =0 l 
weight 


wt 


weight 


Thus, with this weighting assignment, numbers in the 
Y register between 1.000... and 1.9999 . . . appear to 
produce positive results, and numbers between 0.000. . 

and 0.9999 appear to produce negative results. 
Note that y = 0.5 produces exactly the negative of 
y = 1.5 and that these are exactly half the value of th« 
full negative and positive rates, respectively. 
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To recapitulate, by adding one binary digit to the 
left of the Y and R registers and assigning a weight to 
the dz output of +1 for overflow and —1 for no over- 
flow, we are able to transmit signed information with 
a single stream of binary-type information. To retain 
the analogy to the wheel-and-disc integrator, it is just 
as if we arbitrarily assign the value zero to the dz 
output rate when the wheel is in a position halfway 
along the radius from the center of the disc, and the 
disc is rotating at its maximum speed. We would 
then assign a positive output to the wheel when it is 
rotating faster than this rate and a negative output when 
it is rotating slower. 

Since the Y register cannot hold a number larger than 

1.9999... 9, an attempt to increase it by one will pro 
duce the number 0.000 . . . 0, and, conversely, an at 
tempt to reduce 0.000... 0 by one will produce 1.999 . 
9. Thus, the number system is circular (see Fig. 9 
with the largest magnitude positive number and the 
largest magnitude negative number only one unit apart. 
It also makes negative numbers a form of complement 
which we shall call the machine complement. For ex 
ample, the machine representation of +0.5678 is 1.5678. 
Che machine representation of —0.5678 is 0.4322, and 
0.4522 is said to be the machine complement of 1.5675 
We shall call the forms +0.5678 and —0.5678 number 
representation in the rea/ sense. We shall call the 
forms 1.5678 and 0.4522 number representation in the 
machine sense. A word of warning is advisable here. 
Careful distinction must be made in stating the value 
of a number since the ordinary value thought of by the 
reader does not correspond to the machine value. 


In order to make use of this form of signed informa 
tion, the entire system must be made compatible with 
it. If we examine the input dy to the ) register with 
the weighting system adopted, we see that a zero rate 
will merely cause the })’ number to be alternately in 
creased and decreased by one, a net change of 0. Thus, 
there is no difficulty here. In the dx input of the inte 
grator, we are forced to adopt a compatible interpre 
tation of dx values of | or 0. 

[In the use of the number representation, it is apparent 
that an actual +dx step is made only when two con 
secutive ones appear in the dx rate, and an actual —d, 
step is made when two consecutive zeros appear in the 
dx rate. Thus, for a one followed by a zero or a zero 
followed by a one, in a dx rate, no real step in the inde 
pendent variable has been made and no change in the 
integral should be achieved. ‘This fact suggests that 
a one in the dx rate be interpreted as add y; to the ex 
isting sum, and a zero in the dx rate can be interpreted 
as subtract y; from the existing sum. 

This subtraction process must yield dz results compat 
ible with the machine number system. A_ simple 
method for achieving this is found to lie in a subtrac 
tion process using a complementing technique. Here 
subtraction is replaced by the addition of the machine 
complement of the subtrahend. It may be shown that 
the overflows or nonoverflows this generates are cor- 
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rect. The example shown below indicates the tech- 
nique adequately. 

It will be seen from this that the sum representing the 
integral will truly change only when two successive 
ones or zeros appear in the dx rate. 

The following rules turn out to be necessary and suffi- 
cient to mechanize the above procedure: 

(1) dx = lj;add YtoR, 

(2) dx = 0; subtract Y from R by adding the machine 
complement of Y to R. 

These rules allow the independent variable, dx, of any 
integrator to be the output variable, dz, of any other 
integrator in the machine, since true changes in the 
integration process are not made unless the dv input 
has made a true change. The computer automatically 
provides what we shall call the computer rate, con- 
sisting of a steady stream of 1, 1, 1,..., which may be 
used as the independent variable of the problem. 

It takes nothing more than some straight pencil push- 
ing to determine that these rules are entirely com- 
patible—e.g., if Y is positive and dx is a zero rate, dz 
should be a zero rate. 


Assume } = 1.45, which is the machine form of 
+(0.45. 
0.00 R 
1.45 Y dx = 1 add 
dz = 0« 1.45 R 
0.55 Y dx = 0 add machine complement 


dz = 1<—0.00R 
1.45 VY dx = 1 add 
dz =0<1.45R 
0.55 Y dx = 0 add machine complement 
dz = 1<—0.00R 
etc. 


Our integrator configuration can now be completed 
as shown in Fig. 10. 

As a simple test of this process, the following gen- 
eration of e* may be done easily on a desk calculator : 

Set the number 1.100 in the keyboard with a corre- 
sponding decimal point in the accumulator register. 
This represents e? = +1.00 in the machine language. 
Now assuming each dx = 1, we repeatedly add Y to R. 
At the end of each addition, we change Y according to 
the following rules: 

(1) If the number to the left of the decimal point in 
R has increased by one and is even, increase Y by 0.01. 

(2) If the number to the left of the decimal point in 
R has increased by one and is odd, decrease Y by 0.01. 

(3) If the number to the left of the decimal point in 
R has increased by two, increase Y by 0.01. 

For each ten additions of Y to R we will have ad- 
vanced x by 0.01. After 100 additions, the keyboard 
will contain e”' to three significant figures. This will 
be true since, if we use the standard symbolism for an 
integrator shown in Fig. 11, it is easily seen that the 
interconnection defined above is that shown in Fig. 12 
and therefore will produce e*. 


dx 


dz 


Figure 11 


CONSTRUCTING A MECHANISM FOR THIS TECHNIQUE 
OF INTEGRATION 


It is the intent of this paper to discuss in detail the 
properties of a digital differential analyzer and not its 
internal mechanization. However, it does seem de- 
sirable to present, at least briefly, some material on 
mechanization. The following provides an indication 
of what this mechanization consists of in the CRC 105 
Decimal Digital Differential Analyzer. 

We have now derived the properties of a digital inte- 
grator. Let us examine the requirements of a system 
using a large number of such devices. The principal 
requirement is that they be able to communicate with 
each other. As in any form of differential analyzer, 
each integrator must be able to accept inputs from any 
integrator or group of integrators and must have its 
outputs available for any integrator. Inthe actual mech- 
anization it has been found that a capacity of seven 
dy inputs is more than ample. Thus, the dy input for 
any integrator may be composed of a combination of 
from zero to seven dz outputs from any (zero to seven) 
set of integrators. These inputs are accepted with due 
regard to the numerical convention of the machine. 
If at a given step the configuration of three dy inputs 
for an integrator is 1, 1, 0, the net change in the inte- 
grand stored in Y will be +1 since 0 has a weight of 
—1. The dx input is restricted to be the dz output of 
only one integrator. This might be a drawback, in 
certain cases, but it may be overcome with ease, as we 
shall later show. In order for an integrator to work 
successfully, it must have some form of communication 
link so that it may actually acquire its required inputs, 
and there must be some extremely flexible means for 
this link to be established. 

In the CRC 105, we are dealing with a machine con- 
taining 60 integrators. We establish a one-binary- 
digit store for each integrator to place its dz output on 
the completion of each operation. Then each inte- 
grator can obtain its dx and dy information for the next 
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Figure 14 


operation cycle by a simple inspection of the proper dz 
stores under control of a simple code that selects the 
particular dz stores with which the integrator is to 
communicate for its dx and dy inputs. Now all of this 

60 integrators, the dz store, and the various adding 
and complementing features—sounds extremely costly 
in equipment and not at all adaptable to economical 
realization. However, it would be reasonable to ex- 
pect cheap mechanization if all integrators were 
handled serially by a single arithmetic and control 
center. 

To do this we first establish two delay lines, }¥ and 
R, on a magnetic drum, each capable of holding the 
corresponding named parts of all 60 integrators (Fig. 
13). In addition, we establish a system for storing the 
dz outputs of all 60 integrators on the same drum. We 
also establish coding delay lines on the drum to provide 
for interconnection of integrators. We break the proc- 
essing of one integrator into two steps. (Fig. 14.) 
First, under control of the coding section of the coding 
delay lines assigned to an integrator, we examine the 
dz stores for dx and dyinputs. At the conclusion of this 
examination, we have stored dx as a one or a zero and 
have stored the sum of all dy inputs with regard to 
weights of +1 for | and —1 for 0. Having carried 
out this process, we next carry out the two arithmetic 
operations required for an integrator. We add the } 
number to the R number if dx = 1 (or add the machine 
complement of the } number to the R number if dx = 
0), and at the same time we algebraically add the ac- 
cumulated sum of all dy inputs to the Y number. At 
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the conclusion of this operation, we either have or have 
not experienced an overflow in the R register, and we 
store a one or a zero in the appropriate dz store as a re- 
sult. We then proceed serially through the other 59 
integrators, returning to the one we have just processed 
for its next turn, etc. 

Note that the processing of information for several 
successive integrators can ke carried out simultane- 
ously—that is, we can be carrying out the dz storing 
process for integrator 5 at the same time we are carry- 
ing out the R + VY and Y + ody additions for inte- 
grator 4 and the dz store examinations for integrator 3. 


USING THE DIGITAL DIFFERENTIAL ANALYZER 


The steps necessary for placing a problem on a digital 
differential analyzer are of the same nature as those for 
any other machine of this form. 
down as follows: 


They may te broken 


(a) Determine integrator interconnections necessary 
to provide the solution to the problem. This may in- 
clude interconnections for auxiliary loops necessary for 
the generation of special functions required in the solu- 
tion, as well as providing for curve-follower or punched- 
paper-tape input if necessary. 

(b) Prepare the coding necessary to effect these inter- 
connections. 

(c) Provide a set of maximum absolute values for all 
integrands. 

(d) Provide a system of scaling necessary to fit the 
problem on the machine. 

(e) Provide a set of initial conditions for all inte- 
grands. 

(f) Determine which variables shall be presented ex- 
ternal to the machine in various output devices—i.e., 
which shall be plotted, which shall be punched on tape, 
or which shall be printed by the output typewriter. 

Performing these six operations will provide all the 
information necessary for placing a problem on the ma- 
chine. Let us examine them in a little more detail. 


INTEGRATOR INTERCONNECTION 


To realize the solution of a given differential equa 
tion in a differential analyzer, it is necessary to inter 
connect a set of integrators in such a fashion that they 


form a system equivalent to the given equation. This 
can be explained by a set of examples. 
C WENTIFICATION OF INDEPENDENT VARIABLE 
IRN dx OR INDEPENDENT 
VARIABLE INPUT 
INTEGRATOR K dz= Kydx OuTPUT 
dy OR DEPENDENT 
Padi VARIABLE INPUT 
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Figure 15 
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In what follows we shall use the symbolism indicated 
in Fig. 15. 
Example I: 


dy/dx = y 


Method: Assume the existence of dy/dx as an inte- 
grand. Integrate with respect to dx. This provides 
dz = (dy/dx)-dx = dy, or dy as an output, but the equa- 
tion says that summing dy to yield y provides dy/dx. 
The interconnection is as shown in Fig. 16. 

Note: The method of Example I is generally ap 
plicable. Isolate the highest order derivative in terms 
of all other variables. Assume its existence as an 
integrand. Integrate repeatedly to provide all lower 
order derivatives. Close the feedback path to the 
highest order derivative by combining all lower order 
terms according to the condition of the equations. 


Example IT: 


(d*y/dx*) — (dy/dx) — 5y = x 
(d*y/dx*) = (dy/dx) + 5y +x 


Integrator 1: 


9 


Integrand = d*y/dx? 
dy inputs = dx, d(dy/dx), Addy = d(5Y) 
dx input = dx 

dz output = (d*y/dx*)dx = d(dy/dx) 


Integrator 2: 


Integrand = dy/dx 
dy input = d(dy/dx) 
dx input 
Constant multiplier = 5 

dz output = 5(dy/dx)dx = S5dy = d(5y) 


dx 


Integrator 3: [Used only to sum d(5y).] 
Integrand = 5y = solution storage 
dy input = d(5y) 


It may be necessary to provide an auxiliary loop of 
integrators in order to provide a derived function. 


Example IIT: 


(d*y/dx*) — sin y = 0, (d*y/dx*) = sin y 


Here, integrators 4 and 5 form a separate loop to 
generate sin y necessary for the main loop. 


CopING TO EFFECT INTEGRATOR INTERCONNECTION 


The exact structure of the internal coding necessary 
to realize the desired interconnection is a function of 
the structural detail of the machine. In general, in- 
terconnections are established by placing in the coding 
positions for each integrator numbers that are used by 
the machine as signals to determine which dz storage 
locations are to be inspected for dy and dx inputs. 
There is no need for any physical interconnections to 
be established for any internal elements of the com- 
puter. External inputs and outputs are provided for 
by a plugboard. Inspection of external inputs, how- 
ever, is performed by number codes. 


dx dy 
dy 
dz = odx dy 
d 
3 dy 


Figure 15 


DETERMINATION OF RANGE OF VARIABLES 


In order to make most effective use of the precision 
available in the machine, as well as to minimize com- 
puting time, it is necessary to have a knowledge of the 
maximum absolute value that all variables may be ex- 
pected to take on. When these are known, it is possible 
to establish a scaling that will take the greatest ad- 
vantage of the computer precision. 


SCALING A PROBLEM 


In placing a problem in the machine, variables must 
be scaled so as to fit the numerical range of the machine. 
Scaling techniques will be presented in a later sec- 
tion. 


INITIAL CONDITIONS 


When the three operations mentioned above have 
been completed, it is possible to determine the initial 
value of every integrand in the machine and to express 
these integrands in terms of machine values, using the 
scaling relations previously established. 


INPUT-OUTPUT REQUIREMENTS 


Finally, it must be determined which input-output 
devices should be energized, what their information 
sources are to be, and what plugging configuration is 
required to effect these connections. The contents of 
any integrator may be caused to be typed out by means 
of anumber in the coding section. 


PLACING THE PROBLEM IN THE MACHINE 


With the operations mentioned in the preceding two 
paragraphs completed, the problem may be placed in 
the computer. All numerical information concerning 
initial conditions and coding are inserted by means of a 
ten-key decimal keyboard. Input-output plotters are 
connected by means of a plugboard. At the conclusion 
of these operations, which occupy perhaps 20 min., the 
machine is ready for computation. 


SCALING 
In scaling a problem for the machine the following 
assumptions and notations are convenient: 
(a) All quantities are represented as integers. 
(b) The desired output relationship for an integrator 
isdz = ydx. 


(c) Sealing will be done in terms of powers of 10. 
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(d) Associated with each quantity u, there exists an 
integer scale factor S, having the significance that the 
number 10°” represents one unit of the quantity to the 
machine. 

(e) Associated with each integrand there exists a 
quantity m having the property that 10” > maximum 
absolute value of the integrand, where m is the smallest 
integer having this property. 

We have previously established the relationship 
dz = (1,/10*)vdx for an integrator. Now, letting S. 
scale factor of dz output, S, = scale factor of dy input, 
and S, = scale factor of dx input, the actual relation 
ship realized will be 


10 “dz = (1/10%) 10° y 10°7 dx 
or 
To meet the condition that dz = ydx requires that 
or 
S, + S, — N — S,=0 


We shall call this scaling relation (1). 
Note that (I) establishes a relationship between the 
number of decimal digits used in the J) register, the 


dx dx 
d dx 
2 
5 dy = d5y 
dy 
dx 
» 
5 
y 
Figure 17 
dx 
1 a2 
(x) dy 
d cos 
4 
sin y 
2 
/ 
dx dy 
d sin 
3 cos y 
y 
Figure 18 
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Sx 


INTEGRATOR ij Sz 


Sy Ni 


Figure 19 


scale factors on the variables of integration, and the 
scale factor on the output variable. 

The Y register must be capable of holding the inte 
grand, y, of the integrator at all times during the com 
putation. We note that for each unit of the integrand, 
y, the Y register will have to hold the number 10 
Moreover, the integrand may be almost as large as 10 
units at some time during the computation. Theré 
fore, the total capacity of the Y register of any inte 
grator must be capable of holding a number as large as 
10°" or Hence, relation (II), 


N>m+S, 


which says that the number of decimal digits required 
for an integrator is equal to the scale factor of the inte- 
grand plus the quantity m. If m is not correctly 
known, or estimated, the capacity of the VY register may 
be exceeded. In this case, the problem will auto 
matically be halted and must then be rescaled. 
Relations (I) and (II) may be combined to vield a 
useful, though not independent, relation (III) as fol 


lows: From (I), S, = S: + N — S, and from (II 
S, < N—m. Therefore, S, + N — S, < N — mor 
S. — S, << —mor 

Ds III 


Relations (I), (II), and (III) define the relations 
necessary for the scaling of any single integrator, but 
they say nothing about scaling relations between 
integrators. These are simple and _ straightforward 
fo achieve compatible operation all integrators must 
accept a variable at a common scale factor. (Vio 
lating this rule results in a multiplication by powers of 
0 that may be useful at times.) 

Any set of scale factors satisfying (I) and (II) and 
meeting the compatibility requirement may be suc 
cessfully used. The following procedure leads to 
simple solution of the scaling problem: 

Draw a schematic of the integrator interconnection 
as in our examples. For each integrator we enter scale 
factors and integrator length as indicated in Fig. 19. 

Now, let So be the output (dz) scale factor for inte 
grator 0. Enter Sj as the dx or dy scale factor for each 
integrator where the output of integrator 0 is used as 
in input. Let S; be the output scale of integrator 1, 
nd repeat the operation. Proceed in this fashion 
until all scales are established. Note that if more 
than one dz output is used as a dy input to an integrator, 
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PECTMAL 
all such dz outputs must have a common value. This 
process assures compatibility of all scale factors. 

For each integrator write relation (III). This 
yields a set of simultaneous inequalities of the form 
S; — S; > m, which must be satisfied. 


One useful approach to solving inequalities of the 
type of the one above is the following linear method. 
On a one-dimensional graph set Sp at point 0. Using 
all of the relations involving So, place all other scales 
related directly to Sj at positions relative to S) so that 
the equality condition is met. It is also useful to adopt 
the following notation: 

Suppose we have Sy — S; < 2 


So 

where S3 indicates the position of S; relative to So, 
and the arrow indicates the direction in which S; may 
move and still satisfy the inequality. It will be found 
that after all inequalities involving Sp are met, other 
inequalities between other scales may be utilized to es- 
tablish other relative positions on the axes, and, in 
general, the meeting of these conditions will fre- 
quently cause a scale already established to be moved. 
In this latter case, the arrows are a great aid in deter- 
When 
all scales have thus been suitably linearly established 
in a relative fashion, a value may be assigned to one 
scale, thus fixing the values of all. 


mining which quantities may be easily moved. 


Relation (1) may 
then be applied to define the length of each integrator. 

In general, one of two incompatible criteria is used to 
fix the sealing. One may require some particular 
variable to be of a certain precision, thus fixing its scale 
and establishing all others. Alternatively, one may 
specify the length of computing time for a solution, 
thus fixing the scale on the independent, or driving, 
variable of the problem. Since an increase of one in 
the scale of the independent variable causes the com- 
puter to execute ten times as many operations, each of 
which is of fixed time duration, increased accuracy is ob- 
tained at the expense of increased computing time, and 
decreased computing time is obtained at the expense of 
decreased accuracy. Once a choice has been made, 
relation (I) may be applied to define the length of each 
integrator. In the final analysis, the scaling of a prob- 
lem is completely determined by the integrator lengths. 
A correctly scaled problem may be stepped up in ac- 
curacy or in speed of computation by readjusting all 
integrator lengths by the same amount. 


SPECIAL TECHNIQUES 


By taking advantage of the circularity of the num- 
ber representation used in the 105, a variety of special 


techniques may be developed. Remembering once 


more that the largest positive number 1.999... 9 and 
the smallest negative number 0.000... 0 are but one dy 


DTPRPEREN TIAL ANALY ZER 5] 
ay 
ADD EVERY TIME 
d cos y 
sin y 
sin y - 
dsin y 
—df(x) 
cos y 
Figure 20 
ADD EVERY TIME 
dz 
du 
dw 
Figure 21 


increment apart (we call this the overflow property), 
we have the essence of a delicate bang-bang system. 
For example, if we initially set an integrator to 0 in the 
real sense (— 1.000000 in the machine sense) and feed 
two inputs du and —dy into an integrand of the inte- 
grator, then, though the integrand will be the quantity 
u — v, it will not be represented in the machine in the 
ordinary machine sense. For, if u is equal to, or slightly 
greater than, v, the number u — 7 is represented by 
0.000 — OX and is interpreted by the machine as being 
close to the smallest negative number in the machine. 
If v is just larger than u, then u — v is represented by a 
number of the form 1.999 . . . 9W and is interpreted 
by the machine as being close to the largest positive 
number in the machine. Now, let us assume the dx 
rate is the machine rate or a series of all ones, causing 
the integrator to add Y to Ron each cycle. If is just 
greater than 2, the integrand being then 0.000... OX, 
the integrator will have as its output 0, 0, 0, 0, 0,... 
While, if u is just smaller than v, the integrand being 
then 1.999 .. . 9IV, the integrator will have as its out- 
put 1,1,1,1,... Thus, one can cause the output of an 
integrator to vary from the fastest positive rate to the 
faster negative rate by an extremely delicate shift in 
its integrand. This is extremely useful in a variety of 
situations—e.g., suppose we have a function f(x) satis- 
fying —1 < f(x) < 1 and we wish the principal value 
of sin~'f(x). The integrator loop shown in Fig. 20 will 
suffice. 

Integrators | and 2 are interconnected to generate 
sin y. They have as their independent variable the 
output of integrator 3, whose integrand is sin y — 
Now, 
from the preceding, if sin y > f(x), the output of inte- 
grator 3 will be a string of zeros; these will feed the dx 
inputs of integrators 1 and 2 as a full negative rate, 
thus driving them negatively and, therefore, causing 
sin y to decrease. If sin y < f(x), integrator 3 will pro- 


f(x), which is initially set to 0 in the real sense. 
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ADD EVERY TIME 


dz 


Figure 22 


duce all ones as its output, which will drive integrators 
1 and 2 positively causing sin y to increase. In this 
fashion, a servoing action will take place, causing sin y 
to match f(x) at all times. Therefore, the driving vari 
able, dy, must be d sin~'f(x) since sin y = f(x). An 
integrator used in the manner of integrator 3 will be 
called a decision integrator. 

It frequently becomes desirable to have available an 
output dz that is the sum of several rates du, dv, dw... 
This is necessary where it is desired to integrate with 
respect to the sum of several variables, since the dx in 
put can come from only one source. Again, we use the 
overflow property to advantage. Ignoring the sign 
digit, we feed du, dv, dw... as dy inputs to an integra 
tor, together with its own output dz. 
Again, the dx rate is all ones. 


(See Fig. 21. 


Now, it is easily shown that dz = —(du + dv + 
dw +...) for, if any one of du, dv, dw puts a one into 
the integrand causing it to be of the form 0.000... 1, 


the integrator will immediately put out a zero, which 
will feed back to remove the one; conversely, if any 
one of du, dv, dw puts in a zero, causing the integrand 
to be 1.99999, the integrator will immediately put out 
a one, which will feed back to remove the zero. Some 
examples will clarify this. 

(1) Suppose we have no du, dv, or dw inputs (Fig. 
22) 


0.000 R 
dz 0.000 ¥ 
0 — 0.000 
dz 1.999 dz = dy = 0 subtract one 
0 — 1.999 


dz 1.998 dz = dy = 0 subtract one 
1 — 0.997 
dz 1.999 dz = dy = 1 add one 


1 — 0.996 

dz 0.000 dz — dy = 1 add one 
0 — 0.996 

dz 1.999 dz = dy = 0 subtract one 
1 — 0.995 


d(utv) 


-du 
-dv 


ADD EVERY TIME 
(-du—dv) =d (utv) / 


Figure 23 
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Here, after an initial start, the integrand will oscillate 
between 0.00... 0 and 1.999 .. 
being a zero rate. 


. 9, with its ouput 


(2) Suppose du and dz each add one to the integrand 
0.000 R 
dz 0.002 
0 — 0.002 


dz 0.001 dz = dy = 0 subtract one 
0 — 0.0038 


dz 0.000 dz = dy = 0 subtract one 


0 — 0.0038 
dz 1.999 dz = dy = 0 subtract one 
1 — 0.992 


dz 0.000 dz = dy = | add one 
0 — 0.992 


In this situation the dz output will contain two zeros 
before reaching the oscillating state where it yields a 
zero rate. It may be seen from the preceding that an 
integrator programed in the described fashion will al- 
ways drive itself so as to reach the condition where its 
integrand is oscillating between 0.000000 and 1.999999 
and in so doing will always emit as many overflows 
(nonoverflows) as there were zeros (ones) entered into 
it to drive it away from the oscillating state. If, for 
example, we desire to generate e” +* the interconnec- 
tion shown in Fig. 23 may be made. 

Into integrator 1, we feed —du and —d2, together 
with its own output dz, ignoring the sign digit. The 
output of integrator | will be 


dz = —(—du — dv) = du + dv = d(u + v) 


which is the proper independent variable for integrator 
2. An integrator used as integrator 1 as used above is 
called an operational integrator. 

Two features have been built into the machine which 
provide for other special techniques. The first feature 
we shall call the /imiter. The limiter feature is called 
for by a code number and makes it possible to use an 
integrator to restrict a function between any two limits. 
As long as the function remains within bounds, it is 
passed by the limiter integrator. As soon as it tries to 
get outside the established bounds, the limiter integrator 
produces a zero rate until once again the function re 
turns within bounds. The limits need not be sym 
metric about zero (see Fig. 24). 

A second built-in feature of the machine which can 
be called for by coding is one that we shall designate 
the signum function. The signum function is a rela 
tion established between two consecutively positioned 
integrators, whereby the output of the second integrator 
is affected by the sign of the integrand of the preceding 
integrator as follows: 

(a) If the integrand of the first (of the two) integra 
tors is positive, the dz output of the second integrator 
is unaffected. 

(b) If the integrand of the first integrator is nega 
tive, the dz output of the second integrator is reversed 
i.e., if the normal dz output were to be a zero, it would 
be changed to a one, and conversely. 
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This feature can be used to advantage in many spe- 
cial function-generation situations, as well as in cer- 
tain problem-control situations. 

As an example of the former, consider the problem 
of generating |f(x)|. The integrator interconnections 
may be made asin Fig. 25. Here integrator | integrates 


f(x) to yield df(x), which is supplied as the integrand 


of integrator 2. Integrator 3 also integrates f’(x) ; how- 
ever, its output is modified, according to the signum 
function property, by the sign of f(x). Thus, when 


f(x) is positive, the output of integrator 3 is unmodi- 


fied, and is, therefore, also f(x). When f(x) is nega- 
tive, the output of integrator 3 is reversed in sense, and 
is, therefore, —f(x). Integrator 3 thus has as its out- 
put the function | f(x)|, since 

(a) Output of integrator 3 = f(x) for f(x) = 0. 

(b) Output of integrator 3 = —f(x) for f(x) < 0. 

Pictorially we would have Fig. 26. 

As an example of the latter use of the signum func- 
tion, consider the problem that occurs when a system 
is governed by more than one differential equation de- 
pending on the region of the solution. Here we desire 
to be able to switch from one equation to the other 
as the solution crosses the region boundary. Con- 
sider the simple system 


(d?y dt?) = 0 > 0) 
(d?y/dt?) + Key = 0 (Y <0) 


The integrator interconnections may be made as in 
Fig. 27, for 

(a) If y > O, the sign of integrator | is negative; 
hence, the output of integrator 2 will be reversed in 
sense yielding 


—(K, — K2)dy —KAidy Kiedy 


2 2 2 
which sums with the output of integrator 3 = (— A,dy + 
2) — (Kedy/2) to form — K,dy as the feedback to inte- 
grator |. 

(b) If y <0, the sign of integrator 1 is positive; hence, 
the output of integrator 2 is unchanged and = (A,dy + 
2) — (K.dy/2), which sums with the output of inte- 
grator 3 = (—Ay,dy/2) — (Kedy/2) to form — K.dy as 
the feedback to integrator 1. 


CONSTANT MULTIPLIERS 


Most often, the output of an integrator is not used in 
unmodified form. Instead it is usually a requirement 
that the output be modified by being multiplied by a 
constant. This may be accomplished by the use of a 
second integrator as indicated in Fig. 28. But this 
process proves to be wasteful of integrators. We take 
advantage of the fact that the constant-multiplier 
integrator never requires a dy input and make provision 
for supplying a constant multiplier for every integrator 
by combining the above two actions into a single inte- 
grator. 
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dx 
dz= ydx 
y dy 
Kdz = Kydx 
K 


Figure 28 


dv 
u du 
du 
dv 


d(uv) 


bvdu 


Figure 29 


MULTIPLICATION 


Multiplication of two variables may be accomplished 
The fundamental dif 
ferential property d(uv) = udv + vdu is appealed to in 
the interconnection shown in Fig. 29. 


by the use of two integrators. 


If the product 
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DIVISION 


Division is accomplished by using a special loop to 
generate a reciprocal and then using the multiplication 


method described above. 


CONCLUSION 


The general purpose digital computer has been so 


thoroughly discussed that it is an easy task to prepare 
a paper on an advanced level and be assured that your 
readers will be able to follow it. Unfortunately, to 
date, this has not been true for the digital differential 
analyzer since fundamental information has been un- 
available. It is the author’s hope that the foregoing 
material will have provided this fundamental informa- 


tion. 
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IAS Previews 


A Vector Method Approach to the Analysis of 
the Dynamic Lateral Stability of Aircraft 


By 
L. Sternfield 


Langley Aeronautical Laboratc: 


NACA 


A description of a vector method ap 
proach to the analysis of dynamic sta 
bility problems is presented. In addition 
to supplying information on the damping 
of the dutch-.vil oscillation, the phase 
relation between roll to yaw, and the 
amplitude ratio of roll to yaw, the method 
makes possible an excellent physical 
visualization of the contribution of the 
various stability derivatives and mass 
characteristics to the overall motion of the 
airplane. The application of the vector 
method to several problems is_ briefly 
discussed 


Applications of Hypersonic Small- 
Disturbance Theory 


By 
Milton D. Van Dyke 


Ames Aeronautical Laboratory, 
NACA 


When slender objects fly at high super 
sonic speeds, linearized theory breaks 
down because nonlinearity becomes an 
essential feature of the flow. A study is 
made of the simplest inviscid theory re 
taining the essential nonlinearity, which is 
that underlying the hypersonic similarity 
rule of Tsien and Hayes. The accuracy 
is greater than in the transonic or super- 
sonic small-disturbance theories and can 
be further increased by interpreting re 
sults in conformity with Newtonian im 
pact theory 

Because of a coincidence, this hyper 
sonic small-disturbance theory can be 
reinterpreted so as to yield a first approxi 
mation also in the range of linearized 
theory. Thus a single theory and a single 
similarity rule cover the entire supersonic 
range from just above the transonic zone 
to infinite Mach Number 

To illustrate that the theory can serve 
both as a simplified model of the full 
equations and as a practical approximation, 


Summaries 


several problems relating to bodies of 
revolution are solved. An anomaly in an 
earlier solution for slender cones is found 
to result from computational errors rather 
than any shortcoming of the theory. The 
initial flow gradients at the nose of an 
ogive are determined, and a troublesome 
singularity is encountered in the full prob- 
lem by other investigators found to be 
illusory. Lighthill's technique of render- 
ing solutio..s uniformly valid is then used 
to calculate the third term in the power 
series for surface pressure. 


Results of Some Base Pressure Experiments 
at Intermediate Reynolds Numbers with 
M = 284 


By 
L. L. Kavanau 
University of California at Berkeley 
Base pressure data are presented for a 
cone-cylinder model at Mach Number 2.84 
and Reynolds Numbers from 45,000 to 
400,000. 


in base pressure coefficient (p/p) pre- 


These data verify the maximum 


dicted by Crocco and Lees which occurs 
between the completely laminar and tur- 
bulent flow régimes. Sting length re 
quirements for this model are summarized 
reflecting the growth of the critical wake 
region with decreasing Reynolds Number 
Results from varying the base pressure 
orifice location and sting diameter are also 
given 


Extension of Power Spectral Methods of 
Generalized Harmonic Analysis to Determine 
Non-Gaussian Probability Functions of 
Random Input Disturbances and Output 
Responses of Linear Systems 


By 
Bernard Mazelsky 
Lockheed Aircraft Corporation 


The power spectral methods of general 
ized harmonic analysis are extended to 
determine the higher order moments above 
the second of the probability frequercy 
functions for either the input forcing func 
tion or the output response of a linear 
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Curent Papers 
for JAS Publications 


Please do not order Preprints | 
of these papers at this time. 

See page 268 of Dec., 1953, 
issue for Preprints that are im- 
mediately available. 


Several techniques are then 
indicated for determining the correspond- 
ing probability distributions from the 
calculated moments. The conditions 
under which a non-Gaussian forcing func- 


system. 


tion and a Gaussian output response can 
exist are indicated and discussed. The 
most significant requirement is that the 
bandwidth of the input power spectrum 
be large compared with the bandwidth of 
the system transfer function. 


Energy Approach to the General Aircraft 
Performance Problem 


By 
Edward S. Rutowski 
Douglas Aircraft Company, Inc. 


The general aircraft performance prob- 
lem is considered from the point of view of 
the balance that must exist between the 
potential and kinetic energy change of the 
aircraft, the energy dissipated against the 
drag, and the energy derived from the fuel 

This approach yields as one result a 
basic equation for the rate of change of the 
sum of the potential and kinetic energies 
of an aircraft. The form of the equation 
points to the use of aircraft total energy 
rather than altitude as the significant 
independent variable in the climb per- 
formance of high-speed aircraft. Using 
this equation, a method is outlined which 
permits .finding either the path of mini- 
mum time or minimum fuel to change from 
one combination of speed ard altitude to 
another. 

The energy balance approach yields as 
another result a form of the aircraft range 
equation which incorporates a correction 
for the total energy change during the 
cruising portion of the flight. This form 
of the range equation shows that the 
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has been around 
(and still is!) 


Trim Trol was developed in 1947 
to actuate trim tabs in the proto- 
type Grumman Albatross. This 
actuator proved as rugged as the 
new amphibian, functioned per- 
fectly despite prolonged exposure 
to salt water. Soon afterward, 
McDonnell selected Trim Trol for 
the original Banshee. It has been 
used in every model of the series. 

The same basic model contin- 
ues to satisfy all demands, although 
aircraft design has changed radi- 
cally. Trim Trol is now specifiec 
equipment in the Chance-Vought 
Cutlass, the Douglas Skyknight 
and A3D. 

Meeting the requirements of 
MIL-A-8064 (USAF), it weighs 
312 |b., has ultimate static capacity 
of 2000 Ib. in., and produces 300 
Ib. in. operating torque through 
160 degrees. 

The story of Trim Trol is only 
one example of Airborne’s pio- 
1eering in the actuator field. As 
the evolution of aircraft design 
poses new problems, look to Air- 
borne for the solutions. For more 
information on Trim Trol, and 
other actuators, see our literature 
in the 1.A.S. Catalog. 


Accessories Corporation 


HILLSIDE 5, NEW JERSEY 
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dimension and the order of magnitude of 


aircraft range are given by the heat content 
of the fuel. Finally, the parameters of 
the range equation are examined to obtain 
an indication of the range capabilities of 
aircraft at supersonic speeds relative to 
those at subsonic spe 


Effect of Diffusion Fields on the Laminar 
Boundary Layer 


By 
John W. Smith 
Bell Aircratt 


rporation 

A theory is developed which describes 
the effect of a general diffusion field on the 
dynamic and thermal characteristics of a 
laminar boundary layer on a flat plate in 
steady compressible flow. Fluid proper 
ties are considered as functions of tempera 
ture and local concentration of the foreign 
gas. The diffusion field is described by a 
differential equation that relates convec 
tive and diffusion transfer and which con 
siders diffusion currents arising from gra 
dients of concentration and temperature 
By means of the usual transformations 
the system is reduced to a set of ordinary 
differential equations, which in turn are 
transformed into a set of integral equa- 
tions. The latter menable to solution 
by the method of su 


tions. 


‘essive approxima- 
The theory and results have bearing on 
the problem of control and reduction of 
aerodynamic heating at hypersonic speeds 
The special feature of this approach lies 
in the utilization of diffusion fields for the 
purpose of reducing the detrimental ef- 
Although the 


fuller investigation 


fects or viscous dissipation. 
theory is adapted to 
of this problem, numerical examples 
considered involve inly diffusion fields 
of helium, with which good results have 
been achieved at Mach 
Whereas at the higher 


influx of heat was pr 


Numbers 8 and 12. 
Mach Number the 
tically eliminated; 
a reversal in the dire: 
been effected at the 


tion of heat flow has 
wer Mach Number. 
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of publishing date 
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“UNIVERSAL SERIES” 


New “Universal Series’’ Gyro is 
available in Free, Directional and 
Vertical types, and in composite Gyro 
sets for sensitivity in three planes. 


Features fast, remote caging that posi- 
tively locks the gimbals in their normal 
erected position; remote uncaging; 
torque-motor erection; and unrestricted 
360° rotation of both gimbals. AC or DC 
rotors, and synchro or potentiometer out 
puts are optional. Reduced drift rate, 
greater life expectancy, and improved 
resistance to environmental shock, 
acceleration and vibration are incorpo- 
rated in a 4” dia. x 5” unit. Write for 
complete engineering information. 


GYRO SETS 


G. M. GIANNINI & CO., INC. 
PASADENA 1, CALIF, * EAST ORANGE, N. J. 
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It weighs less 
| and flies better with 


HYCO-SPAN 
CONTROL CABLES 


@ The high coefficient of expansion of American 
Hyco-Span Control Cable reduces the number of 
temperature compensating devices needed to as- 4 
sure fast, sure control of air foils and rudders. / 
Sometimes, it completely eliminates the need / 
for these heavy, complicated gadgets and saves 
as much as 90 lbs. of deadweight. 

You can safely eliminate temperature com- 
pensators because Hyco-Span Control Cable 
comes closer than any other type to matching 
the expansion and contraction of alloy air frames. 
Hyco-Span Cable stays tight and gives you ac- 
curate control, whether you are flying at 40,000 
ft. or 5,000 ft. 

This cable lasts long, too, because it resists 
corrosion and can be used with low cable tension. 
It is non-magnetic and, therefore, does not 
disturb sensitive electronic equipment. 

Send the coupon for complete 
information. 


Important advantages of 
Hyco-Span Aircraft Cable 


. Stays tight and firm—even at minus 70° F. 


n 


. Simplifies cable rigging—no temperature come 
pensators needed on large planes. 


wo 


. Lasts longer—cable tension can be reduced and 
corrosion resistance is equal to stainless steel. 


4. Seldom needs readjustment. 
5. Doesn't affect accuracy of electronic instruments 


—it is non-magnetic. 


American Steel & Wire 
/] Room 842, Rockefeller Building 
¥ Cleveland 13, Ohio 


Please send me, without obligation, a copy of your booklet, | 
“Hyco-Span Aircraft Cable,’’ which describes all the important 


advantages of this control cable. 
pr 4 | 
\ 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL CORPORATION, GENERAL OFFICES: CLEVELAND, OHIO 
c. COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS +» TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS American HYCO-SPAN Aircraft Cables 
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Propeller Shaft Forgings 
Require Special Skills to Produce 
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Skilled metallurgists produce special electric alloy steel for 
these forgings at National Forge. The steel must have high re- 
sistance to fatigue, wear and shock. After rough machining and 
carefully controlled heat treating, these forgings are precisely 
machined to close tolerances by skilled machinists. The finished 
shafts are ready for installation. 

These special skills were developed at National Forge through 
years of close cooperation with the aircraft industry. This has 
given National Forge a complete understanding of the quality 
requirements both in material and machining. 

Why not put this experience and skill to work for you when 
next you need forgings? Write for full information. 


NATIONAL FORGE AND ORDNANCE COMPANY 


IRVINE, WARREN COUNTY, PENNSYLVANIA 
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IAS NEWS 


IAS News 


(Continued from page 21) 


Air Safety Achievement Awards 
Presented 


At Flight Safety Foundation’s An- 
nual Award Dinner on December 14, 
awards were presented to Dr. Ross A. 
McFarland, MIAS, Associate Pro- 
fessor of Industrial Hygiene, Harvard 
School of Public Health, Harvard 
University; M. G. Beard, FIAS, 
Chief Engineer, American Airlines, 
Inc.; and I. Irving Pinkel and his as- 
sociates at NACA’s Lewis Flight 
Propulsion Laboratory. pres- 
entations were made by Jerome Led- 
erer, Managing Director, Flight 
Safety Foundation. 

Dr. McFarland was selected to re- 
ceive the award for his book, Human 
Factors in Atr Transportation. Mr. 
Beard was named for setting standards 
for cockpit layout, location and actua 
tion of cockpit controls, and cockpit 
visibility and Hghting. Mr. Pinkel 
and associates were cited for their study 
of the origination of aircraft crash 
fires and their development of means 
of reducing the probability of crash 
fire occurrence. 

The Flight Safety Foundation 
Awards for ‘“‘Achievement in Safer Uti- 
lization of Aircraft’ are presented an 
nually by Flight Safety on behalf of 
Aviation Week magazine. 


Necrology 
Daniel W. Drake 


Daniel Webster Drake, MIAS, died 
suddenly on November 30. 

Mr. Drake was a native of Kane, 
Pa., having been born there on Decem- 
ber 19,1919. He spent his undergrad- 
uate collegiate years at the Univer- 
sity of California and was graduated 
from there with a B.S. degree in 1941. 

Shortly after his graduation from 
California, he joined Lockheed Air- 
craft Corporation and for a number of 
years was employed as a Research 
Engineer in the corporation’s Re- 
search Department. His work fol- 
lowed the lines of experimental en- 
gineering, the study of fatigue, and 
the dynamics of materials. At the 
time of his death, he had been assigned 
to Lockheed’s Georgia Division as a 
Group Engineer in the Engineering 
Test Laboratory’s Structures Test 
Group. 

Mr. Drake is survived by his widow. 


News of Members 


> Preston R. Bassett (HF), President, 
Sperry Gyroscope Company, Division 
of The Sperry Corporation, has been 
named by President Eisenhower to 
serve a 5-vear term as an NACA mein- 
ber. This appointment became effec 
tive on December 1. 

> Ralph S. Damon (F), President, 
Trans World Airlines, Inc., was re- 
cently named to serve a 5-year term 
as a member of the NACA. This 
appointment was made by President 
Eisenhower. 

>» Dale A. Lichty (AM), Vice-Presi- 
dent in charge of Sales and Engineer- 
ing, Hydro-Aire, Inc., has been elected 
to the company’s Board of Directors. 
>» Carl F. Schmidt (M), Airline Oper- 
ations Engineer, Lockheed Aircraft 
Corporation, has been transferred 
from the organization’s headquarters 
in Burbank, Calif., to its New York 
office. Mr. Schmidt has been a mem- 
ber of Lockheed’s Flight Test Engi- 
neering Department since 1941. 


William C. Gage, AFIAS, has been pro- 
moted from Assistant Sales Manager to 
Sales Manager of Flexonics Corporation's 


Aircraft Division. Mr. Gage, who joined 
Flexonics in 1952, was formerly with the 
Allison Division of General Motors Corpo- 
ration and with the Whiting Corporation. 


6] 


Captain William J. Catlett, Jr., USN, 
MIAS, recently assumed the duties of Com- 
manding Officer, Recruit Training Com- 
mand, Us. Naval Training Center, Bain- 
bridge, Md. Prior to this assignment, he 
had been Commanding Officer of the U.S.S. 
“Diphda,"’ an attack cargo ship operating in 
the Korean area. Since his graduation in 
1932 from the U.S. Naval Academy, Cap- 
tain Catlett has served with various com- 
mands ashore and afloat and for 8 years 
of this time was actively engaged in the 
training of pilots, navigators, and flight 
personnel. 


>» Igor I. Sikorsky (HF), Engineering 
Manager, Sikorsky Aircraft Division 
of United Aircraft Corporation, was 
selected as the 1953 recipient of the 
aviation award presented annually by 
the University of Denver’s School of 
Aeronautics. 

p> Gill Robb Wilson (M), Editor and 
Publisher, Fiying magazine, has been 
elected to the Board of Directors of 
Air Associates, Incorporated. 


Members on the Move 


The purpose of this section is to provide 
information concerning the latest affilia- 
tions of IAS members. All members are 
therefore urged to notify the News Editor 
of changes as soon as they occur. 

Second Lieutenant Stanley F. Albrecht, 
USAF (TM), 6555 Guided Missile Squad- 
ron, Air Force Missile Test Center, Air 
Research and Development Command, 
Patrick AFB, Fla. Formerly, Applied 
Loads Engineer, Structures Department, 
Grumman Aircraft Engineering Corpora- 
tion. 

Andrew Anchutin (M), Staff Engineer, 
Stroukoff Aircraft Corporation. For- 
merly, Staff Engineer, Chase Aircraft Com- 
pany, Inc. 

Clay C. Boswell, Jr. (M), Chief of Stress, 
American Helicopter Company, Inc. 
Formerly, Engineering Supervisor—Heli- 
copter Stress, Aeronautical Division, 
Hughes Aircraft Company. 

William H. Cook, Jr. (M), Senior Proj- 
ect Engineer, Pilotless Aircraft Engineer- 
ing Organization, Boeing Airplane Com- 
pany. Formerly, Staff Engineer, Boeing. 

Anthony F. Dernbach (TM), Senior 
Project Engineer, Hamilton Standard Divi- 
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sion, United Aircraft Corporation. For- 
merly, Chief, Aerodynamics Branch, Pro- 
peller Laboratory, Wright Air Develop- 
ment Center, Wright-Patterson AFB, 
Ohio. 


James B. Edwards (AF), Chief Project 
Engineer, Douglas Aircraft Company, Inc. 
Formerly, Chief Engineer, Hiller Helicop- 
ters. 

Caesar L. Ferrara (TM), Engineer, 
Structures Vibrations, Stroukoff Aircraft 
Corporation. Formerly, Engineer, Struc- 
tures Vibrations Group, Chase Aircraft 
Company, Inc. 

Joel Ferrell, Jr. (M), Manager, Turbo- 
Jet Branch, Engine Test Facility, Arnold 
Engineering Development Center, Tenn. 
Formerly, Manager, J-47 Turbo-Jet Proj- 
ect Branch, Engine Test Facility, AEDC. 

Theodore R. Gensel (TM), Senior En- 
gineer, Aerodynamics, Stroukoff Aircraft 
Corporation. Formerly, Senior Flight 
Test Engineer, Chase Aircraft Company, 
Ine. 

Robert Goldberg (M), Engineer Group 
Leader, Vibrations, Stroukoff Aircraft 
Corporation. Formerly, Group Leader 
Vibrations, Chase Aircraft Company, Inc. 

Dr. Theodore Goodman (TM), Principal 
Engineer, Aerodynamic Research De- 
partment, Cornell Aeronautical Labora- 
tory, Inc. Formerly, Graduate Student 
and Candidate, Doctor's Degree in Aero- 
nautical Engineering, Cornell University. 

Charles R. Henry (TM), Engineer, De- 
sign and Layout, Stroukoff Aircraft Cor- 
poration. Formerly, Design Engineer, 
Chase Aircraft Company, Inc. 

Eph Howard (AF), Manager, Ramjet 
Branch, Engine Test Facility, Arnold En- 
gineering Development Center.  For- 
merly, Manager, Ramjet Project Branch, 
AEDC. 

William T. Jarrett (TM), Aircraft Struc- 
tural Loads Engineer, Aircraft Laboratory, 
Structures Branch, Flight Loads Section, 
Wright Air Development Command, 
Wright-Patterson AFB, Ohio. Formerly, 
Aerodynamicist, Missile Engineering Di- 
vision, McDonnell Aircraft Corporation. 

Carson E. Lebo, Jr. (TM), Junior En- 
gineer, Design and Layout, Stroukoff Air- 
craft Corporation. Formerly, Engineer- 
ing Design and Layout, Chase Aircraft 
Company, Inc. 

Walter K. Marschner (M), Design En- 
gineer Group Leader, Stroukoff Aircraft 
Corporation. Formerly, Department 
Head, Liaison Engineering and Material 
Review Board, Chase Aircraft Company, 
Inc. 

D. M. B. (Ted) Martin (AF), Manager 
of Military Sales, Boeing Airplane Com- 
pany. Formerly, Sales Engineer, Boeing. 

John W. McDavit, Jr. (TM), Senior 
Engineer, Processes, Stroukoff Aircraft 
Corporation. Formerly, Assistant Super- 
visor, Tool and Operation Planning, Chase 
Aircraft Company, Inc. 

Leopold R. Michel (M), Project Engi- 
neer, Arde Associates. Formerly, Assistant 
Senior Engineer, Eclipse-Pioneer Division, 
Bendix Aviation Corporation. 

Edward S. Miller (TM), Senior Engi- 
neer, Flight Test, Stroukoff Aircraft Cor- 
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poration. Formerly, Senior Flight Test 


Engineer, Chase Aircraft Company, Inc. 


Eric B. Moss (M), Technical Director, 
Smiths Aircraft Instruments, Ltd., Eng- 
land. Formerly, Chief Engineer, S. Smith 
and Sons, Ltd., England 

S. J. Pipitone (TM ), Manager, Airframe 
Installations Design, Goodyear Aircraft 
Corporation, Goodyear Tire and Rubber 
Company. Formerly, Chief of Design 
Operations, Chance Vought Aircraft Divi- 
sion of United Aircraft Corporation 

I. F. Richardson, Jr. (M), Assistant 
General Manager, Kansas City Division, 
Bendix Aviation Corporation. Formerly, 
General Sales Manager, Aircraft Equip 
ment, Bendix Products Division, Bendix 
Aviation Corporation 


S. W. Rogalski (AIF), Chief of Aerody- 
namics, Stroukoff Aircraft Corporation 
Formerly, Chief of Aerodynamics, Chase 
Aircraft Company, In 


Matthew G. Ryan (M), Senior En 


gineer, Research Department, Carrier 
Corporation. Former! Chief Aerody- 
namics Engineer, A. V. Roe Canada 


Limited. 


Theodore R. Sajeski (TM), Engineer, 
Design and Layout, Stroukoff Aircraft 


Corporation. Formerly, Design and Lay- 
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out Engineer, Chase Aircraft Company 
Inc. 

John D. Schram (M), Sales Engineer 
Representative, Koehle Aircraft Products 
Company. Formerly, Aircraft Design 
Engineer, Special Project Branch, Aircraft 
Laboratory, Wright Air Development 
Center, Wright-Patterson AFB, Ohio. 

Vladimir Seredinsky (M), Engineer 
Group Leader, Aerodynamics, Stroukoff 
Aircraft Corporation. 
gineering Group Leader—Aerodynamics, 
Chase Aircraft Company, Inc 

Richard F. Shugert (AM), Senior En 
gineer, Design and Layout, Stroukoff 
Aircraft Corporation. Formerly, Senior 
Engineer, Chase Aircraft Company, Inc 

Second Lieutenant Donald L. Smith, 
USAF (TM), Aeronautical Engineer, 
Wright Air Development Center, Wright 
Patterson AFB, Ohio. Formerly, Aero 
nautical Engineer, Research and Develop 
ment, Goodyear Aircraft Corporation. 

Richard A. Smith (TM), Stress Analyst 
North American Aviation, Inc. For 
merly, Stress Analyst, Kaiser Metal Prod 
ucts, Inc. 

Leonard T. Trotter (M), Technical 
Sales Manager, The de Havilland Aircraft 
of Canada, Ltd. Formerly, Contracts 
Manager, de Havilland of Canada 


Formerly, En 


Corporate Member News 


@ Aeroquip Corporation . . . Matthew J. 
Betley, who joined Aeroquip in September 
of 1952 and was named Vice-President 
Manufacturing the following February, 
was recently appointed Vice-President and 
General Manager of the corporation. In 
this new position, Mr. Betley is responsible 
for sales, engineering, financial, and manu- 
facturing functions of Aeroquip, including 
the management of three wholly owned 
subsidiaries: Aeroquip, Inc.; Aero-Cou- 
pling Corporation; and Elbeeco, Inc. 


e Air Associates, Incorporated ... Gill 
Robb Wilson, MIAS, and Hal A. Kroeger 
have been elected to the corporation’s 
Board of Directors. Mr. Wilson, a World 
War I pilot, is Editor and Publisher of 
Flying magazine. Mr. Kroeger is the 
Founder of the New York firm of A & H 
Kroeger Company, Management Consult 
ants. 


e American Airlines, Inc. . . . Approxi- 
mately 3,300,000 sq.ft. of ground space was 
recently leased by American at New York 
International Airport Under the terms 
of this lease, signed with the Port of New 
York Authority for a 22-year period, Amer- 
ican will be required to spend a minimum 
of $5,000,000 in improving the property 
prior to March 31, 1960. These improve- 
ments will include construction and instal 
lation of hangars, office space, concrete 
aprons, aircraft and automobile parking 
areas, roads, fencing, et This newly 
acquired 76-acre site borders the airport’s 
main entrance road 


@ Beech Aircraft Corporation . .. A 
licensing agreement has been signed be- 


tween Fuji Heavy Industries, Inc 


Tokyo, 


Japan, and Beech Aircraft for the building , 


of the Beechcraft ‘‘Mentor’’ military 
trainer in Japan. This trainer, designated 
by the USAF as the T-384, is an all-metal 
low-wing cantilever monoplane with a top 
speed of 189 m.p.h., a service ceiling of 20, 
000 ft., and a maximum range of 975 miles 


® Bendix Aviation Corporation, Bendix 
Radio Communications Division . . . A 
new VHF fixed-frequency ground-station 
receiver, designated the RG-9A, is now 
available for delivery. Designed primarily 
for air-line use, this unit operates in the 
frequency band from 118 to 152 me. The 
single-channel crystal-controlled receiver 
weighs less than 20 lbs. and may be 
used for either amplitude modulated 
or modulated cw reception. Sensitiv 
ity is 2.5 microvolts for 6 db. signal-plus 
noise-to-noise ratio; all spurious responses 
are said to be down more than 90 db 
This receiver was designed as a companion 
unit to the Bendix type TG-19 50-watt 
VHF transmitter not yet on the market 
Although the receiver and transmitter will 
ultimately be available as a ‘‘package,’ 
the receiver can be integrated with present 
facilities. . Clarence Francis, who has 
been Board Chairman of General Foods 
Corporation since 1943, has been elected to 
the Bendix Board of Directors. 


@ The Bristol Aeroplane Company of 
Canada Ltd. ... Dr. S. G. Hooker, a Di 
rector of Bristol Aeroplane Company 
Limited, England, and Chief Engineer of 
its Engine Division, has been appointed a 
Director of the Canadian company 
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the latest and greatest Doughs achievement 


The new DC-7, another in the long list of firsts credited to the Douglas 
Aircraft Company, sets new standards of passenger comfort and convenience. 


Powered with four Wright Turbo-Compound engines and using | 
the Bendix* Direct Injection Fuel System, this new giant of the airways | 
is the fastest of Douglas’ long line of great transports. 

Every detail of interior trim, every mechanical improvement in this 

great new plane has been designed to make flying as pleasant as possible. 

Over the years the challenge of faster schedules at lower operating 

costs has been met by Bendix Products through the development of more 

efficient fuel metering. Problems of landing heavier loads at higher speeds have 

likewise been solved with efficient, high strength and low weight 

Bendix brakes, struts and landing gear. REG. U. S. PAT. OFF. oo 


BENDIX DIRECT INJECTION FUEL SYSTEM 


' 
1 
' 
' 
Lowers maintenance costs e Gives longer engine ' 
life ¢ More engine power e Beiter altitude perform- ! 
ance and engine acceleration e Easier starting ¢ j} 
Shorter warm-up periods ¢ More payload or more} 
ton-miles per gallon : 


BENDIX SOUTH BEND Bendix 


AVIATION CORPORATION 


Export Sales: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 
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DIVE BRAKES AF 
ROCKET POD WRCREMENTAL 
2 ROGETS: 


RADIO COMPASS LOOP ANTENNA 48-5 ENGINE AND AFTERBURNER 


REAR VIEW MIRROR 
ROCKET EXIT DOOR 


OWE BRAKE FWD 
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This cutaway drawing of Lockheed Aircraft Corporation's F-94C Starfire, the first to be re- 
leased, gives a glimpse into the internal parts of the jet interceptor. The Starfire is armed 
with 48 2.75-in. rockets (24 in the nose and the other 24 divided between the two rocket 
wing pods) and contains more than 1,200 Ibs. of electronic equipment. This fighter has been 
assigned the USAF mission of defending America against enemy bomber invasion. 


The J-47-GE-23, manufactured by General Electric Company and said to be the nation’s 
first all-weather axial-flow turbojet engine, has been put into large-volume production. The 
23," which will power Boeing Airplane Company's B-47 Stratojet, has a thrust rating of more 
than 5,800 Ibs. and a lower rate of fuel consumption than earlier models. The ‘'23"’ has a 
“hot nose,"" made possible by bleeding hot air from the compressor into hollow nose parts 
to provide anti-icing protection. The engine also has a special ignition system that permits 
high-altitude starts and may be equipped with water injection for thrust augmentation. 


© Consolidated Vultee Aircraft Corpora- 
tion ... The American Legion presented a 
Certificate of Appreciation to Convair in 
recognition of its program to employ dis- 
abled veterans. Convair has more than 
7,400 veterans on its San Diego Division 
payroll, many of whom are physically 


the fiscal year ending June 30, 1953. It 
was also reported that during the year a 
hypersonic impulse tunnel, capable of 
reaching Mach 13, had been developed. 

e@ Curtiss-Wright Corporation, Wright 
Aeronautical Division . A progressive 
automated assembly line, one that makes 
handicapped. extensive use of automatic machinery, has 
e Cornell Aeronautical Laboratory, been installed at Wright Aeronautical and 
Inc... . It was recently reported that an is now being used to build Turbo 
all-time high of over $9,000,000 of research 


Compound engines. This new assembly 
was performed by the Laboratory during 


line, the company states, is the first such 


one in aviation engine history. It is said 
to increase production capacity by 250 
per cent and at the same time take 42 per 
cent less space than the former assembly, 
which was installed during World War 
II. In this new assembly line, large num 
bers of automatic machines “‘do everything 
from assembling a complete crankshaft to 
tightening bolts and crimping fasteners.” 
The line has been so designed that it can be 
adapted at a future date to newer and more 
powerful versions of the Turbo Compound 
engine. 


@ Douglas Aircraft Company, Inc.... 
The X-3, designed and built by Douglas’ 
Santa Monica Division under the joint 
sponsorship of the USAF, NACA, and the 
Navy has been turned over by the Air 
Force to the NACA for further research 
The X-3, which has been undergoing flight 
tests since October of 1952, has a length of 
66 ft., 9 in., and a span of 22 ft., Sin. Its 
overall height is 12 ft., 6 in. The gross 
weight of the X-3 slightly exceeds that of 
the DC-3. The ship is powered by two 
axial-flow turbojet engines. To carry 
out its research mission, the X-3 carries 
1,200 lbs. of research instruments. Com 
prehensive instrumentation includes more 
than 850 “‘pin-hole”’ orifices to record pres- 
sures Over various portions of the airplane 
Temperature readings are registered at 150 
points, while stresses and air loads are in 
dicated by 185 electrical strain gages 
Military restrictions prohibit the disclosure 
of performance data. ... On November 20, 
the D-558-2 Skyrocket reached a top speed 
of 1,327 m.p.h. at an altitude ‘‘in excess of 
60,000 ft.’ This unofficial speed record 
was established by NACA Test Pilot Scott 
Crossfield, who on the previous October 14 
had flown this same ship at a speed of 
1,272 m.p.h. ... A new $1,500,000 hangar 
and flight test building has been completed 
at the Los Angeles (Calif.) International 
Airport. This 160- by 300-ft. steel struc 
ture, which supplements other Douglas 
hangars and flight testing facilities located 
0).5 mile east on Imperial Highway, houses 
final installation work on production mod 
els of the bat-winged F4D Skyray. This 
new facility has been designated as Doug 
las El Segundo Hangar B-4. 


e Elastic Stop Nut Corporation of Amer- 
ica... Anew hermetically sealed time-delay 
relay has been developed by the corpora 
tion’s AGA Division for use in aircraft 
control devices where size, weight, and 
protection from dust, moisture, etc., are 
factors. This Type SF Agastat is a sole 
noid-operated and pneumatically controlled 
relay that is completely enclosed in a 
hermetically sealed housing that measures 
2.125 in. square and 4 in. high. The unit 
weighs 1.2 lbs. The time delay is adjust 
able from outside the housing over a range 
from approximately 30 millisec. to more 
than 1 min. It is manufactured for 24-28 
volts d.c., with double-break contacts in 
single-, double-, and three-pole models 
It is to be available for other standard volt 
ages, a.c. or d.c.... The company recent} 
announced that it is beginning the produc 
tion of the first commercially available 
titanium locknuts. These Elastic Stop 
nuts are to be made of high-strength tita 
nium alloy. They are said to meet AN ten 
sile strength requirements for steel nuts of 
the same thread size and at the same time 
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DUCTILE IRON 


PEBRUARY, 1954 65 


Intricate Castings of Ductile Iron. . . Produced in 


Quantity. .. meet jet plane builder’s specifications 
for engine support rings, 371/44” in diameter. Sec- 
tions vary from a thin 34” to a thick 2” in the 
as-cast state, and conform to high radiographic 
standards. Casting tolerances are exceptionally 
close. Customer rejections averaged less than 2% 
of castings shipped. Produced by the Semi-Steel 
Division of Howard Foundry Co., Chicago, IIl., 
for Pratt & Whitney Aircraft Division, East Hart- 
ford, Conn. 


meets quality standards for 
jet engine burner supports 


® 108,000 psi. ultimate tensile strength 
@ 72,000 psi. yield strength 


5% elongation 


These averages ... from 100 consecutive 34-ton heats 
of Ductile Iron, as cast ... demonstrate consistently 
high mechanical properties. 


Remarkable load-carrying ability, combined with un- 
usual fluidity and castability, makes Ductile Iron ideal 
for intricate, accurate, high strength castings. 


Annealed Ductile Iron can be machined at a rate 2 to 
3 times that of good quality gray iron of comparable 
strength. Parts cast in Ductile Iron provide superior 
pressure tightness, elastic modulus and resistance to 
shock. They can be readily welded. Sections may range 
from as thin as one-tenth of an inch to 4 feet in thickness. 


Send us details of your prospective uses, so that we 
may offer a list of sources from some 100 authorized 
foundries now producing Ductile Iron under patent 
licenses. Request a list of available publications on 
Ductile Iron... mail the coupon now. 


The International Nickel Company, Inc. 
Dept. 20, 67 Wall Street 
New York 5,N. Y. 


Please send me a list of publications on: DUCTILE tRON 


Name — Title. 
Company 
City State 
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oi Suuted Nara Ignition 


meets the 
operating needs 
of every plane 


No single type of ignition equipment is 
the final solution to every operating 
problem. That’s why Bendix approaches 
each new assignment with an open mind. 
The particular type of ignition system 


meeting individual requirements forecon- 
omy, performance and dependability. 


Of one thing you can be certain, from the 
broad Bendix experience and unrivaled 
facilities will come ideas and products 
tailored to your needs. For piston, jet, 
turbo-jet or rocket engines every com- 
ponent part of your ignition system will 
meet the uncompromising standards of 
quality established by Bendix over a 


quarter of a century ago. 


This combination of facilities and skill is 
ready to go to work for you in the solu- 
tion of any ignition problem from plan- 
ning to finished product. 


AVIATION PRODUCTS 


Low and high tension ignition systems for piston, jet, 
turbo-jet engines and rocket motors . . . ignition 
analyzers... radio shielding harness and noise filters 
«+. Switches... booster coils . . . electrical connectors. 


Gendiv 
SCINTILLA MAGNETO DIVISION 


SIDNEY, NEW YORK =a 


Export Sales: Bendix International Division 


205 East 42nd St., New York 17, N. Y. 


FACTORY BRANCH OFFICES: 117 E. Providencia Avenue 
Burbank, California * Stephenson Building, 6560 Cass 
Avenue, Detroit 2, Michigan « 512 West Ave., Jenkintown 
Pa. « Brouwer Building, 176 W. Wisconsin Ave, Milwaukee 
Wisconsin ¢ 582 Market Street, San Francisco 4, California 
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IAS NEWS., 


Progress in the aeronautical industry during the past four-plus decades is dramatically 
demonstrated in this photograph of a 1912 pusher-type airplane being overtaken rapidly by a 
Boeing Airplane Company 92.5-ton B-47 Stratojet. The 1912 plane, owned and piloted by 
Billy Parker, Aviation Sales Manager for the Phillips Petroleum Company, jogs along at a top 
speed of 65 m.p.h. and can remain in the air for 1.5 hours. The B-47, on the other hand, zips 
along at a speed in the ‘600-m.p.h."’ class and has a 3,000-mile range. The pusher plane 
has an estimated ceiling of between 8,000 and 9,000 ft.; the B-47 can operate at altitudes 


above 40,000 ft. 


weigh less than half as much as steel hex 
nuts. First production is scheduled to be 
of 12-point (double-hex) nuts with nylon 
locking collars, in sizes from 5/j, and 5/s. 
Other types are to be added to the line 
later. A special permanent coating de- 
veloped for these nuts will reduce seizing 
and galling toa minimum. 

e Ethyl Corporation . . . The graduate 
fellowship program, initiated in 1988 by 
Ethyl, is being continued during the pres- 
ent academic year. Accordingly, fellow- 
ships in 21 universities are being supported 
in the fields of chemistry, chemical engi- 
neering, mechanical engineering (internal 
combustion engines), and physics. To 
cover stipends, tuition, and fees incurred 
by this year’s program, a total of $40,000 
has been contributed. This is in addition 
to the special research projects that the 
corporation is supporting at a number of 
universities. 

e Fairchild Engine and Airplane Corpora- 
tion... It was announced on December 7 
that the Fairchild Board of Directors had 
approved final plans to purchase sub- 
stantially all the assets of Speed Control 
Corporation, Wickcliffe, Ohio. Speed 
Control is engaged in the development and 
production of devices that ‘“‘provide speed 
control, both mechanically and electrically, 
of power output through an infinite speed 
range from any given source of supply.”’ 
Under Fairchild, Speed Control is to oper- 
ate as a separate division at its present lo- 
cation and to continue production of all 
units now on order. Other plans provide 
that volume production of Specon units 
will be undertaken at the Fairchild Engine 
Division. 

e General Electric Company .. . An elec- 
tronic ‘“‘brain’’ was recently installed at 
G-E’s Aircraft Gas Turbine Laboratory at 
Cincinnati, Ohio. Capable of performing 
more than 16,000 additions and subtrac- 
tions, or more than 2,000 multiplication 
and division operations per sec., the new 
machine will be applied to engineering and 


scientific calculations for the improvement 
of jet engines. This computer is techni- 
cally known as Type 701 Electronic Data 
Processing Machine and was built by 
International Business Machines Corpora- 
tion... . A new 8-page illustrated bulletin 
(GEC-988) on the selection and applica- 
tion of aircraft and ordnance motors is now 
available from G-E’s Schenectady office. 
© The B. F. Goodrich Company . . .Tube- 
less tires for use on commercial aircraft are 
now being manufactured by Goodrich. 
The successful testing of this type of tire 
for U.S. Navy aircraft was announced on 
last March 28. . . . Basic research in rocket 
propellants is now being conducted in the 
recently completed laboratory, a part of 
the company’s Research Center at 
Brecksville, Ohio. 

@ Hamilton Standard Division, United 
Aircraft Corporation . . . New laboratory 
facilities have been completed which 
bring to 82,000 sq.ft. the total floor area 
now being used by the division for de- 
velopment work. The new facilities in- 
clude (1) a 60,000-sq.ft. test building con- 
taining two propeller test cells, a test cell 
for jet engines, a pneumatic laboratory, a 
fuel control laboratory, and a propeller 
balancing room and (2) a separate building 
that houses a combustion laboratory. 

e@ Jack & Heintz, Inc..... The company 
has announced that three newly developed 
high-speed d.c. generators for use with jet 
engines—models G123, G124, and G128 
are nearing production. These models, 
which are driven by the engines through 
accessory pads, are described as “true’”’ 
8,000 r.p.m. continuous-duty d.c. genera- 
tors. 


e Lear, Incorporated . . . A booklet en- 
titled Preview... The New Learstar 
Speed Conversion has been put out by the 
company. In it is described the Learstar 
Conversion, aS applied to the Lockheed 
Lodestar. This conversion project, it is 
said, took several years to develop and per- 
fect 
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© Lockheed Aircraft Corporation... A 
separate new division, known as the Missile 
Systems Division, has been established by 
Lockheed to deal exclusively in the design, 
development, and production of pilotless 
aircraft and missiles. Elwood R. Quesada, 
a Lockheed Director, is heading the new 
division as Vice-President and General 
Manager. 


@ Minneapolis - Honeywell Regulator 
Company .. . It was recently announced by 
the USAF Air Research and Development 
Command that a new “aerial electrom- 
eter’ has been des:gned and developed 
by the Nuclear Engineering Laboratory 
of Minneapolis-Honeywell’s Industrial Di- 
vision. This new device is being used in 
conjunction with ARDC’s project to in- 
vestigate the terrestial electrical field that 
exists between the earth and the ionosphere 
and thus to obtain a better understanding 
of the 1,800-amp. current constantly flow- 
ing toward the earth. Inthis ARDC proj- 
ect, the instrument is carried aloft by a 
large plastic free-flying balloon that is 
launched from the Holloman Air Develop- 
ment Center at Alamogordo, N.M., to an 
altitude as high as 100,000 ft. When the 
balloon reaches its maximum height, it is 
broken mechanically, and the apparatus 
that it carried is then parachuted to the 
ground. During the ascent and descent 
of Minneapolis-Honeywell’s electronic in- 
strument, information on electrical conduc- 
tivity, air temperature, and air pressure is 
telemetered back to a ground recording 
station. The information so gathered is 
then sent to the ARDC’s Air Force Cam- 
bridge (Mass.) Research Center for anal- 
ysis. The instrument that telemeters 
this information during ascent and descent 
weighs 6.5 Ibs., is the size of a portable 
radio, and is powered by batteries. Its 
subminiaturized electronic parts are 
packed in a specially insulated aluminum 
case that is expected to minimize the prob- 
lem of solar radiation and low tempera- 
tures found at high altitudes. The in- 
strument is said to be able to measure 
flows of electrical current as low as ten 
millionth of an ampere, or one million ions 
per sec... . A spring-restraint rate gyro has 
been developed by the company’s Aero- 
nautical Division which ‘‘can accommodate 
maximum input turning rates from 3 to 
400° per sec.”” Known as GGI181A rate 
gyro, it has been designed to meet MIL- 
E-5272 and is to be used in Honeywell's 
latest autopilot systems. This new device 
measures about 4.625 by 3.625 by 5 in. and 
weighs 2 lbs. . . . The forty-thousandth 
electronic autopilot to be produced by 
Minneapolis-Honeywell was turned over 
to the Air Force on November 17 during a 
ceremony conducted at the aeronautical 
plant in Minneapolis. This particular 
unit was one of the company’s new E-11 
autopilot... . On December 1, Harold W. 
Sweatt, President of the company since 
1934, was elected Chairman of the Board, 
succeeding Mark C. Honeywell, who was 
named Honorary Chairman. (Mr. 
Honeywell was President of the firm from 
1927 to 1934 and Board Chairman from 
1934 until this recent change.) Replacing 
Mr. Sweatt as President is Paul B. Wis- 
hart, formerly Vice-President and General 
Manager of the company. At the same 
time, Tom McDonald, Vice-President in 
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A link between sensors and recorders 


‘Doelcam_ 


rp 


HE DOELCAM VFDD provides 
excitation to rate gyros, 
free gyros, position indicators or 
synchros for accurate measurement 
of flight parameters. In addition, 
the instrument includes 3 demod- 
ulator channels to transform 400 


K GYROS for fire control comput- 
ing, flight test instrumentation 
and contro! applications. 


MICROSYN position indicators 
measure angular displacement for 
application in process control and 
data transmission. 


Flight Test 
Instrumentation 


A precision 


and 3-channel 


Demodulator unit 


Voltage regulation 
Frequency stabilization 


Linear demodulation 


Write for 
Bulletin VF2 


cps data to d-c signals for use with 
recording galvanometers. 


“Doelcant> CORPORATION 


SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
West Coast Office: 304 Tejon P!., Palos Verdes, Calif. 
Instruments for Measurement and Control 


Gyroscopic Instrumentation * Servomechanisms 
Synchros * Microsyns * Servo Motors 


SYNCHROS in 4 standard series 
transmit and receive electrical in- 
formation with unsurpassed pre- 
cision. 
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charge of Sales, and A. M. Wilson, Vici 
President in charge of the Aeronautic 
Division, were elected to the Board of 
Directors, thus enlarging its membership 
to ten. Coincidental with these top-lev: 
changes was the retirement of five Minn 
apolis-Honeywell officials. They are, i 
addition to Mr. Honeywell, W. L. Huff 
Director, Executive Vice-President, and 
former Treasurer; R. P. Brown, Vic 
President and Chairman of the Board of 
the Industrial Division; George A. Du 
toit, Vice-President in charge of Manufac 
turing; and L. Morton Morley, Vic« 
President and formerly in charge of Sal 
for the Industrial Division. Messr 
Honeywell, Huff, and Brown continue a 
Directors 

North American Aviation, Inc... . 
cording to a recent company announcs 
ment, the first shipment of F-86K Sabri 
parts to be assembled in Italy under thx 
NATO off-shore procurement program 
has been shipped from the United State 
Under terms of the contract, 50 F-86K’'s 
will be assembled by Fiat under licensé 
from North American. The F-86K is al 
most identical to the F-86D except for 
modified fire-control system and different 
armament The 50,001 plane to be 
manufactured by North American was dé 
livered to the Air Force recently. This 
plane was an F-100 Super Sabre. 

@ Northrop Aircraft, Inc.... John R. Ali 
son, who was recently President of Tran 
sit Van Corporation, has been elected Ad 
ministrative Vice-President of Northrop 
Mr. Alison, who assumed his new duties on 
November 20, is responsible for adminis 
trating several Northrop operations, in 
cluding industrial relations, public rela 
tions, flight operations, quality control 
and the corporation’s Anaheim Division 

e Northrop Aircraft, Inc., and Allison 
Division, General Motors Corporation... 
It was recently announced that the new 
Allison J35-A-35 turbojet engine is slated 
the USAF’s Northrop F-89D 
This announcement 
the successful conclusion of a series of high 
altitude flights conducted jointly by 
Northrop and Allison over the Midwestern 
United States. During these flights, it i 
said, the F-89 was flown to new high alti 
(The ceiling of the F-89D with the 
J35-A-35 was not given, although the Air 
Force sometime ago released the informa 
tion that the Scorpions have a service ceil 
ing of over 45,000 ft.) As a result of the 
satisfactory performance of the new en 
gines, they have been ordered into produc 
tion by the Air Force at the Allison Divi 
sion 


to power 


Scorpion followed 


tudes 


e Pan American World Airways, Inc., 
and Douglas Aircraft Company, Inc... . 
A fleet of seven DC-7B’s has been ordered 
from Douglas and is scheduled for delivery 
in 1955. These seven transports will be 
powered by Wright Turbo Compound 
engines and will cost approximately $14,- 
000,000. They will have a larger fuel 
capacity and a higher gross weight than 
the DC-7’s now in service and will be abl 
to carry 52 passengers plus baggage, cargo, 
and mail 4,000 miles nonstop, with reserv« 
fuel for almost 1,000 miles still aboard at 
the end of the flight. Gross weight at 
take-off will be 125,000 Ibs.; fuel capacity 
will be 6,260 gal. Each airplane will be 
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fully equipped with the most modern nav- 
igational aids including dual ILS, ADF, 
VOR, and automatic approach control 


e The Parker Appliance Company... A 
24-page booklet describing development, 
testing, and production of Parker’s air- 
craft engine accessories has been published. 
Three sections in this booklet show acces- 
sories for fuel, hot-air systems, and hy- 
draulic systems. Another portion of this 
publication features research and develop- 
ment facilities of Parker’s Engine Ac- 
cessories Division. This booklet, which 
includes 32 illustrations, is identified as 
Bulletin 1330-B-1 and is available from 
the Cleveland offices. 
e Republic Aviation Corporation . .. On 
December 9, a new runway, 7,500 ft. 
long and 150 ft. wide, was officially 
opened at the company's airfield’ in 
Farmingdale, L.I., N.Y. This runway 
was extended from a length of 4,500 ft 
under a USAF facilities contract 
e A. V. Roe Canada Limited ... The 
engine plant at Malton, Ontario, has been 
purchased from the Canadian govern- 
ment. This factory was formerly rented 
from the government 
e Simmonds Aerocessories, Inc.... CAA 
Repair Certificate #38593 (Repair Station 
Limited) was presented to Simmonds 
early this Fall. This certificate covers 
the work undertaken by Simmonds in 
providing overhaul service for Hobson 
carburetor systems installed on de Havil 
land Dove aircraft now flying in the 
United States and Canada. Simmonds 
Aerocessories is the American licensee of 


H. M Hobson, Ltd Envla id 


e Tinnerman Products, Inc... . A new 
Speed Clamp has been developed and 
imnounced by While this 
product was designed primarily to secure 
hoses to oxygen masks, it is also said to 


Tinnerman 


be ideal for attaching flexible connections 
to aircraft control systems, black-out 
suits, radar units, and other equipment 
Chis clamp accommodates three different 
hose diameters, ranging from 1 to 1.25 in., 
through a rachet-tooth mechanism 


@ Trans World Airlines, Inc. . . . The 
company’s Public Relations offices have 
een moved and are now located at 389 
Madison Avenue, New York 17 


United Air Lines, Inc. . . . Vern C 
Gorst, Founder of Pacific Air Transport, 
Which ultimately became a part of United 
Air Lines, died in Portland, Ore., on last 
October 18 at the age of 77. Mr. Gorst 
had been ill since February of 1953 


® United Aircraft Corporation and U.A.- 
C.’s Chance Vought Aircraft Division ... 
\ plan was announced on December 8 by 
United Aircraft whereby Chance Vought 
Aircraft Division would be established as 
1 separate corporation and would be 
known as Chance Vought Aircraft, In 
This plan has been adopted 
by the corporation's Board of Directors, 
subject to the approval of United’s com 
mon stockholders. A letter mailed to the 
stockholders stated that ‘ton January 1, 
1954, certain assets and liabilities of the 
present Chance Vought Aircraft Division 
will be transferred to a corporation to be 
known as Chance Vought Aircraft, In 
corporated, or some similar name, in ex 


corporated 
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For dynamic analysis of instruments 


‘Doelcam_ 


sa Frequency Response Analyzer 


TYPE 


Electronic 
Analyzer 
Console 


POWERFUL TOOL in-the design 
and test of servomechanism 
components and systems, 

the DOELCAM Type BA Frequency 
Response Analyzer is one of the 
many special types of laboratory test 
equipment developed by DOELCAM for 
evaluating instrument characteristics. 

Designed primarily to measure the 
dynamic characteristics of rate gyros 
and angular accelerometers, the Type 
BA Analyzer is also easily adaptable 


MECHANICAL OSCILLATOR provides sinusoidal input 
smotion, variable in frequency and amplitude, to the 


unit under test 


For further information 
Write for Bulletin FR2 


for use in investigating the response 
of many control systems. It provides 
continuous, point-by-point readings 
of the amplitude and phase response 
of the instrument or system under 
test, from | to 100 eps. 


“‘Doelcams CORPORATION 


SOLDIERS FIELD ROAD, BOSTON 35, MASS 
West Coast Office: 304 Tejon Pl., Palos Verdes, Calif 


Instruments for Measurement and Control 
Gyroscopic Instrumentation - 
Synchros - Microsyns - 


Servomechanisms 
Servo Motors 


SERVO DRIVE controls the input fre- 
quency to an accuracy of 0.5% of set- 
ting, from 1 to 100 cps 
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change for common stock of the new com- 
pany. Thereafter, during a_ transition 
period, the new company, although a 
wholly owned subsidiary of United, will 
operate independently of United. Dur- 
ing that period, certain of United's officers 
will serve as members of the board of di- 
rectors of the subsidiary company, and 
arrangements will be made to elect to its 
Board able businessmen from the Texas 
area. The plan is that on or before De- 
cember 31, 1954, all of the issued shares of 
common stock of the new subsidiary com- 
pany will be distributed pro rata to the 
then holders of the common stock of 
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United. At that time all officers of 
United will resign from the board of di- 
rectors of the new company and from then 
on there will be no legal or corporate con- 
nection between the new company and 
United.” (This plan was discussed with 
the Navy, under whose cognizance Chance 
Vought operates, and the Navy informed 
United that it had no objection to the 
plan.) The letter declared that United 
had no plans for taking any similiar step 
with any of its other three divisions 
Pratt & Whitney Aircraft Division, 
Hamilton Standard Division, and Sikor- 
sky Aircraft Division 


IAS Sections 


Atlanta Section 
Edith Hall Lively, Secretary 


The dinner meeting of November 12 
was held at Georgia Institute of 
Technology, with Chairman George K. 
Williams presiding. After the dinner 
and a brief business session, the meeting 
was turned over to the Program Chair- 
man, Frank Johnson. Mr. Johnson 
then introduced the three speakers of 
the evening who discussed the subject, 
“Electric Brains—the Engineer's New- 
est Tool.” 

P. H. Bremer, Chief of Structures, 
Georgia Division, Lockheed Aircraft 
Corporation, started with a brief ac- 
count of the history of computing 
problems at Lockheed and why some- 
thing had to be worked out. In the 
early days of airplane building, a great 
many factors were assumed and were 
proved later. As time went on, assump- 
tions became fewer, and calculations 
were computed more accurately. 
Gradually, individual calculations gave 
way to tables to save time and effort or 
chance of error, and these developed in- 
to desk calculators. 

During World War II, Lockheed had 
an Engineering Tabulating Department 
whose duty was to perform mathemati- 
cal problems, but at the close of the war 
that work was turned over to another 
company under contract. As mechani- 
cal calculation methods improved, Lock- 
heed formed the Mathematical Analysis 
Department in the Engineering Divi- 
sion. This department was equipped 
with the latest computing devices on the 
market, these being replaced as better 
and faster equipment becomes avail- 
able. 

The computing group with its me- 
chanical equipment solves problems in 
structures, aerodynamics, flutter, de- 
sign, research, and flight-test fields. 
Mathematics today plays a large part in 
the design and execution of an airplane 
from the time of its original conception 
until it is removed from the assembly 
line. 


Robert Bosak, also of Lockheed, in- 
dicated on a blackboard the evolution 
of the mechanical calculator. In his 
talk, he pointed out that in building 
such a machine some allowance must be 
made for variability, and motivation 
must be provided. He then went on to 
describe its development. 

Mr. Bosak stated that about 200 
years ago Babbage designed and started 
building a machine that embodied all 
of the basic ideas contained in the most 
modern computers in use today. Un 
fortunately, he died before his project 
was completed, and it was abandoned. 
“Perhaps,’’ Mr. Bosak commented, ‘‘we 
haven’t progressed so far after all.”’ 

The final speaker of the group, James 
Wedding, of the Applied Science Divi- 
sion of International Business Machines 
Corporation, showed a film on the 
I.B.M. Defense Calculator. He dis- 
cussed ‘‘The Future of the Computing 
Machine’ and stated that many 
machines now in use have as rapid cal- 
culations speeds as the present vacuum 
tube designs will permit. However, 
mathematical analysis methods have 
not reached a point where machines with 
a_ greater capacity are 
needed. Machines of the future, he 
stated, will represent improvements 
such as easier programing and the 
introduction of newer systems. A re- 
duction in size and power is also possible. 

At the conclusion of the talks, the 
meeting was adjourned 


computing 


Baltimore Section 
Richard W. Sanford, Secretary 


The forty-sixth meeting of the Balti- 
more Section was held in Maryland Hall 
at The Johns Hopkins University on 
November 19, at 8:30 p.m. There were 
approximately 70 members and guests 
present. 

The speaker was Dr. H. H. Kurzweg, 
Chief, Aeroballistics Research Depart- 
ment, U.S. Naval Ordnance Laboratory. 
He spoke on the subject of ‘‘Aero- 
ballistics.”’ 


FEBRUAR 


Dr. Kurzweg opened his talk with a 
comparison of rocket and aircraft de- 
velopment as accomplished by ballis- 
ticians and aeronautical engineers. The 
ballisticians’ approach originated with 
rocks thrown by cave men and has pro- 
gressed through successive stages of 
development, including the bow and 
arrow; ball ammunition shot from guns; 
spin-stabilized projectiles shot from 
guns: rockets with tail-fin stabilization; 
and, presently, finned rockets incor- 
porating small lifting surfaces. The 
aeronautical approach originated with 
the balloon and has progressed through 
several stages including the dirigible; 
successively refined subsonic aircraft; 
supersonic aircraft; and, finally, super- 
sonic aircraft having configurations sim- 
ilar to the most advanced finned-winged 
rockets. Already there has been consider- 
able interchange of information between 
ballisticians and aeronautical engineers, 
and it is evident that further progress in 
supersonic flight can best be achieved by 
a merger of ballistic and aeronautical 
techniques. This merger is provided 
by the science of aeroballistics. 

Dr. Kurzweg pointed out that the 
tools for development of ballistic pro- 
jectiles and aircraft have also ap- 
proached a merger. The basic tools 
used consist of wind tunnels, firing 
ranges, and computers. A discussion of 
one type of blow-down tunnel capable of 
producing velocities up to Mach 10.0 
was presented, along with some of the 
problems associated with the attain 
ment of the desired hypersonic Mach 
Numbers in the wind tunnel. It was 
pointed out that several methods of 
Mach Number measurement show that 
these hypersonic Mach Numbers can be 
attained as long as liquefaction of the 
gas within the tunnel is not allowed to 
take place. Liquefaction is eliminated 
by heating the gas within the reservoir 
that feeds the tunnel. 

One of the firing ranges at NOL was 
described briefly. This range consists 
of a long pressurized tube with spark 
stations, by means of which photo 
graphs can be taken of projectiles in 
flight. The pressures within the range 
can be varied to provide a wide range ol 
Reynolds Numbers. Many interesting 
slides showing schlieren photographs of 
projectiles in flight were presented, along 
with data such as drag functions vs 
Mach Number for the projectiles tested 
The effects of laminar and turbulent flow 
were discussed, particularly with respect 
to heat transfer between the projectile 
and gas through which it passes. It 
was pointed out that existence of a thick 
boundary layer around a projectile 
introduces friction and heat transfer 
difficulties, as well as high drag. 

An interesting discussion of the effects 
of heat transfer was presented, using 
slides that showed Wood’s metal pre- 
jectiles in flight and dry-ice models in 
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... it’s headed your way. 


Fighters who’ve been socked by Rocky 
Marciano have probably suspected for 
a long time that they’ve been hit by an 
air hammer. They’ve had good reason, 
because a recent test showed that 
Rocky’s punch packs about a 925 foot- 
pound wallop. Rocky has to hit hard. 
But pneumatics can be gentle as a breeze 
or strong as a cyclone, depending on the 
job to be done. 


Engineers all over America are keep- 
ing their eyes on new applications of 
an exciting force. By its earlier use in 
gun chargers, emergency power actua- 
tion and other utility power applica- 
tions, pneumatics has shown its vast 
potentialities in the field of aviation. 
It may well be the actuating power of 
the future. 


Pneumatic systems for aircraft offer tre- 
mendous advantages. They are light, 
simple and safe. The use of air insures an 


unlimited supply for the system, and 
eliminates the fire hazard. Pneumatic 
systems operate over a wide temperature 
range with an exceptionally high energy 
delivery . . . can operate huge loads 
quickly and easily. 


We here at Kidde foresee a great fu- 
ture for pneumatics, and have been 
fortunate in being in on the ground 
floor of this fascinating field. Perhaps, 
like ourselves, you too are interested 
in this new application of a well-known 
energy source. If you have a problem 
in pneumatics write us. 


7\ 


Walter Kidde & Company, Inc. 


211 Main St., Belleville 9, N. J. 
Walter Kidde & Company of Canada, Ltd., Montreal, P.Q. 
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Opportunities to create better products 
exist in every home and industry in 
America today. But only a few, dissatis- 
fied men and women recognize these op- 
portunities. Such leaders are advancing 
their respective industries. They possess 
vision. They are spurred by initiative. 
Feather dusters have no place in their 
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faction- 


AMERICA’S GREATEST ASSET 


Since 1938, Meletron has been 
producing excellent instruments 
that are used by every major 
aircraft manufacturer. But we 
are constantly testing new ma- 
terials and devising new meth- 
ods. Leadership in this industry 
imposes the obligation to im- 
prove, because tomorrow’s 


standards will be higher. Dis- 


satisfaction with what has been 
accomplished, plus a determina- 
tion to improve, is America’s 


greatest asset. 


Meletron pres- 
sated switch for 
nl 


ation from zero 


to 12,000 psi 


J M WALTHEW CO., Boeing Field, Seattle. THOMSON ENGINEERING SERVICE, 708 Hemphill 
St., Fort Worth and 732 So. Broadway, Wichita. ROUSSEAU CONTROLS Ltd., 2215 Beaconsfield Ave , 
Montreal 28, Canada. W. M HICKS & J. A KEENETH, 29-27 Forty-first: Ave 
New York. JOSEPH C SORAGHAN & ASSOCIATES, 1612 Eve St., Nortt 


MELETRON 


950 NORTH HIGHLAND AVENUE, 


LOS ANGELES 38. CALIFORNIA 


awwest, Washington 6, D.C 


nue, Long Island City, 
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the wind tunnel. The depth of the 
boundary layer around the projectiles 
was reduced considerably as a result of 
heat transfer from the gas medium to 
the projectile. 

Dr. Kurzweg indicated that super 
sonic wind-tunnel and free-flight data 
for a given projectile usually do not 
agree and that data conversion, such as 
is characteristic of subsonic wind-tunnel 
data, may be required. This dis 
crepancy is aggravated at very high 
Mach Numbers largely by dissociation 
of gases in free flight. Several slides 
illustrating dissociation conditions were 
exhibited and discussed. A_ further 
illustration of a technique wherein 
dissociation of gases can be investigated 
was provided by discussion of a shock 
tube wind tunnel. This tunnel uses an 
explosive wave and operates at temper 
atures as high as 10,000°K. Effects oi 
electronic excitation of the projectile 
surface must be taken into considera 
tion, in addition to dissociation, at thes« 
very high speeds. 

Dr. Kurzweg’s talk was limited by 
available time, and after a_ short 
question-and-answer period, the meet 
ing was adjourned. 


Boston Section 
E. L. Dashefsky, Secretary 


The first meeting of the 1953-1954 
season of the Boston Section was held 
at Massachusetts Institute of Tech 
nology on November 9, at 8 p.m 
Approximately 65 members and guests 
were present. 

The guest speaker was John B 
Lathrop, Head of the Operations Re 
search Department of Arthur D. Little 
Corporation, who presented an excellent 
and interesting paper entitled “Opera 
tions Research.”’ 

Operations research represents the 
“birth” of a new field that deals with 
problems in engineering analysis, pro 
duction scheduling, inventory controls 
sales campaigns, and sports. The re 
sults of this operation show to what uses 
existing equipment or man power can 
best be put or how much and how many 
of a designed equipment should be used 
to obtain the desired results. This 
operation is similar to systems analysis 
presently used in engineering problems 

Mr. Lathrop presented examples of 
problems that Arthur D. Little Corpora 
tion has solved by operational research 
These include: antisubmarine protec 
tion for convoys, where to locate out 
fielders in baseball to minimize extra 
base hits, when to replace equipment in 
factories, where to locate signals on a 
one-track railroad, what production to 
meet maximum sales, etc. 

Many aircraft companies are 
ginning to use operations research prior 
to new designs. Some of the questions 
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to be answered in these problems are: 
What does safety cost in a new design, 
and what do a knot in speed, a mile in 
raige, and weight increase of a pound 
represent in dollar value or in com- 
pletion of a tactical mission? 

To indicate the growth of this field, 
Mr. Lathrop reported that approxi- 
mately 50 people are employed in the 
Operations Research Department of 
Arthur D. Little, one of the largest re- 
search and consultant organizations in 
the country. Approximately 50 per 
cent of these people are physical engi 
neers, 25 per cent are mathematicians, 
and 25 per cent are business people. 


Hagerstown and Washington 
Sections 


George W. Westphal 


Secretary-Treasurer 
Hagerstown Section 


A joint dinner meeting of the Wash 
ington, D.C., and Hagerstown Sections 
of the IAS was held at the Alexander 
Hotel, Hagerstown, Md., on November 


Prior to the dinner, all members and 
guests of the Washington Section en 
joved a conducted tour through the 
factory of Fairchild Aircraft Division. 

Following dinner, the program for 
the evening was opened by R. A. Darby, 
Chairman, who welcomed all members 
and guests on behalf of the Hagerstown 
Section. 

Lou Fahnestock, Director of En 
gineering, extended a welcome to all 
those present on behalf of Fairchild Air 
craft Division of Fairchild Engine and 
Airplane Corporation. 

Acknowledgment on behalf of the 
Washington Section was made by its 
Chairman, Capt. W. C. Fortune, USN 
Captain Fortune then presented the 
Moderator for the technical session, 
Brig. Gen. Donald F. Keirn, Chief of 
Aeronautical Research, Reactor Branch, 
Division of Reactor Development, 
Atomic Energy Commission. General 
Keirn is also Assistant for Nuclear 
Propulsion to the Commanding General, 
ARDC, and to the Director of Research 
and Development, Deputy Chief of 
Staff for Development. 

Guest speakers for the session in 
cluded Donald S. Conrad, Installation 
Engineering, Pratt & Whitney Aircraft 
Division of United Aircraft Corporation ; 
W. C. Lawrence, Director of Develop 
ment Engineering, American Airlines, 
Inc.; and L. R. Hackney, Executive 
Vice-President, Transport Air Group. 
Prepared discussions were made by Col. 
Paul F. Nay, AFDRD, and Harold 
Hoekstra, of the Civil Aeronautics 
\dministration. 

Mr. Conrad presented an address 
concerning ‘‘Turbojet-Turboprop—Air 


IAS NEWS 


BOWSER ENGINEERED... YOU SEE 


Frosting of windows is no problem in a Bowser Low 
Temperature Test Chamber. Special Nesa glass, 
with its electrically conductive surface, insures clear 
vision of items under test. This is just one of the 
many “extras'’ that Bowser has engineered into its 
test chambers . . . another reason why—for all your 
needs in environmental test equipment—your best 
bet is Bowser, the pioneer. 

Performance characteristics of this Bowser chamber 
include: 


Temperature range from —I00°F to 185°F. 

@ Altitude simulation up to 85,000 feet. 

@ Evacuation rate of 5000 F.P.M. 
With outside dimensions of 13' 2" wide x 11' 2" high 
x 16' 6" long, this standard model chamber has an 
interior working area of 10° x 10° x 8° high. Door is 


5' wide x 8' high, its window 30" x 30", and wall 
window 36" x 36". 


NESA GLASS 


Nesa Coated Glass used in Bowser Low 
Temperature Chambers has an electric- 
ally conductive surface that can be 
heated . . . preventing icing, frosting or 
fogging of observation windows. 


TECHNICAL REFRIGERATION 


DIVISION BOWSER INC 


TERRYVILLE 


CONNECTICUT 
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Transport."’ He pointed out the vari- 
ous advantages and disadvantages of 
both types of power plant and analyzed 
the economics of turbine transport 
operation on the basis of direct operating 
His studies indicated that the 
turbojet engine can provide high cruising 
speeds of 500 m.p.h. and above at a 
reasonable cost per passenger mile. 
The turboprop can offer cost operation 
at a sacrifice in cruising speed of 50 to 
100 m.p.h. His observations seem to 
indicate that the two types become 
equal, costwise, at about 520 m.p.h. 
cruising speed. At cruising speeds 
greater than this, the turbojet appears 
to be more economical. 

Mr. Lawrence presented a paper dis- 
cussing ‘‘An Airline View of Turboprops 
Versus Turbojets.” For the high-alti 
tude operation of turbojets, he empha- 
sized the necessity for foolproof mech- 
anisms in systems and equipment in- 
stallations and the possible duplication 
of mechanical components required to 
provide reliability in the pressurization 
system. Regarding the turbojet, the 
air lines like it as an engine and like 
the service that it can provide, but they 
are afraid of its price, its size, its great 
fuel consumption, and its noise. He 
pointed out some of the economic 
advantages of the turboprop over the 
turbojet, but he also indicated that some 
of the power-plant problems of the 
turboprop installation cause concern 
from the standpoint of reliability. Mr. 
Lawrence indicated that the air-line 
answer to the question of turboprop 
versus turbojet is neither one for the 
present, unless competition forces a 
decision. 

Mr. Hackney talked on the subject 
“Let’s Be Direct About Indirect Costs.”’ 
He pointed out that the missing link in 
air transport—both civil and military 
is in the lack of certain critical data re- 
garding indirect operating costs. The 
primary problem in this regard is the 
cost of air-cargo handling. He men- 
tioned the feasibility of the detachable 
pack-type airplane and its possibilities 
for reducing indirect costs. He also 
mentioned the need for adequate freight 
terminal facilities and more modern 
handling methods. As a possible solu- 
tion to these problems, Mr. Hackney 
concluded his discussion by suggesting 
the formation of a working committee 
to study the problem of indirect air 
transportation costs and outlined some 
of the possible duties of such a com- 
mittee and the advantages to be derived 
therefrom. 


costs. 


Los Angeles Section 
Evert C. Hokanson, Secretary 


“Pod Mounting of Jet Engines’’ was 
the featured subject presented at the 
Los Angeles Section meeting on No- 
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vember 19. This was a slightly reduced 
version of the paper given at the joint 
meeting of the Institute of the Aero- 
nautical Sciences and the Royal Aero- 
nautical Society in England last Sep- 
tember. This interesting and somewhat 
controversial paper was presented by 
the author, George S. Schairer, Chief of 
Technical Staff, of Boeing Airplane 
Company, and a Fellow of the Institute 
of the Aeronautical Sciences. The 
paper covered aerodynamic, structural, 
safety, and cost aspects of pod-mounted 
jet engines versus submerged jet engines 
for bomber and transport-type aircraft. 
The conclusion reached by Mr. Schairer 
was that pod mounting has many in 
herent advantages over fuselage or 
buried wing installations. 

The discussion period following the 
paper was highlighted by Stewart Scott 
Hall, Head of the British Joint Services 
Mission (Technical Services), Wash 
ington, D.C. We were most fortu 
nate to have Mr. Scott-Hall with us 
for this meeting to give the British 
views on the subject. He was formerly 
Director-General of Technical Develop 
ment (Air-Ministry of Supply). He is 
a Fellow, and Member of the Council, 
of the Royal Aeronautical Society. 
His comments again proved his reputa- 
tion for keen observation, great knowl- 
edge, and English humor. 

The Los Angeles Section was honored 
to have S. Paul Johnston, Director of 
the Institute, and Robert Dexter, IAS 
Secretary, present at the meeting. Mr. 
Johnston gave a short talk covering the 
aims and purposes of the Institute for 
the coming year. He particularly 
stressed the future planning and the 
cooperation necessary for a successful 
joint meeting of the Institute of the 
Aeronautical Sciences and the Royal 
Aeronautical Society scheduled to be 
held in Los Angeles during the 1955 
Annual Summer Meeting. 

The Annual Business Meeting of the 
Institute was held, and the Section 
Officers for the coming year were in- 
stalled. The retiring officers were: 
Harold Luskin, Chairman; R. Richard 
Heppe, Vice-Chairman; Edward J 
Specht, Treasurer; and Harold S. 
Fischer, Secretary. They turned over 
their offices to their respective suc 
cessors: R. Richard Heppe, Chairman; 
Warren T. Dickinson, Vice-Chairman; 
A. Nash Williams, Treasurer; and 
Evert C. Hokanson, Secretary. 


Montreal Section 
G. Rosenthal, Secretary 


On November 19, one of the largest 
local meetings of personnel engaged 
in aeronautics was held. At that time, 
265 persons attended a joint dinner 
meeting of the Institute of Aircraft 
Technicians and the IAS Montreal 
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Section. The 
several 


program consisted of 
excellent aeronautical films. 
The main dining room of the Inter- 
national Aviation Building was the site 
of the event. 

The program opened with a British 
Movietone News record of the 1953 
SBAC Air Show at Farnborough called 
The Jet Age. This film was obtained 
through the Air Industries and Trans 
port Association. 

The next film shown was Platform 
Pilots, showing the use of Bell heli 
copters in the Aluminum Company of 
Canada’s project at Kitimat, B.C. 

The feature movie of the evening was 
the NACA Crash Fire Prevention Ré 
search, loaned by Walter Kidde & Com 
pany, Inc. Don Squier, Technical 
Consultant of the company, was also on 
hand to answer questions after the 
showing. The film depicted the valu- 
able experience that was being gained 
in the prevention of fires resulting from 
aircraft crashes. 

Two helicopter films completed the 
program. A stirring battle-action film 
called Air Head showed Sikorsky S-55 
helicopters used by the U.S. Marine 
Corps in Korea. Bristol Helicopter 
Magazine showed the single-engined 
Bristol 171 and the twin-engined Bristol 
173 helicopters during tactical experi 
ments and preliminary flight trials. 


St. Louis Section 
George S. Graff, Secretary 


The third meeting of the 1953-1954 
season was held by the St. Louis Section 
on November 25 at the Engineers Club, 
with about 70 members and guests 
attending. 

Hans Weichsel, Supervisor of Sales 
Engineering, Helicopter Division, Bell 
Aircraft Corporation, was the speaker 
for the evening and was introduced by 
Fred Doblhoff, Chief Project Engineer, 


Hans Weichsel, of Bell Aircraft Corpora- 
tion, who addressed the members of the St. 
Louis Section at the November 25 meeting. 
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WORLD'S FINEST 
TESTING FACILITY 


for air turbine-driven accessories at 


ECLIPSE-PIONEER 


Refrigeration section produces 
temperatures down to —100°F 


DESIGNED TO SPEED ADVANCEMENT OF JET AIRCRAFT 
BY MAKING SUPERIOR ACCESSORY PRODUCTS POSSIBLE 


Eclipse-Pioneer sets the pace again! This time by developing and 
putting into operation the most complete facility anywhere for the 
exclusive testing of air turbine-driven accessories. The product of 
thousands of hours of planning and construction, this new E-P facility 
has one goal—to speed advancement of jet aircraft by 
quickening the perfection of accessory products. 


Here’s how it works. At a central primary control console in the main 
equipment building, maximum simulated flight conditions are 
set up, ranging in temperatures from —100°F to +800°F ... and in Air heater produces temperatures 
altitudes from sea level to 80,000 feet. Then . . . using secondary controls ranging up to 800°F. 

to regulate exhaust vacuum, air pressure, air temperature and fuel 
and brine temperatures . . . men in the control room for the 
dual test cells “mix” the individual conditions they need for specific 
tests. The result—the closest approach to in-flight conditions yet 
available for the development and testing of jet auxiliary equipment. 


Over 3000 h.p. of equipment is contained in the new facility. Included 
are a primary stage 1750 h.p. 5-stage centrifugal exhauster . . . a 
secondary stage 500 h.p. 2-stage rotary exhauster . . . a 600 h.p. 
6-cylinder double acting reciprocating compressor . . . a 3-stage Freon- 
brine refrigeration system .. . and a high-pressure steam generator. 


This advanced facility plus Eclipse-Pioneer’s specialized experience 
and manpower can be expected to produce superior afterburner fuel Primary control console used in 
pumps, water alcohol pumps, aircraft air-conditioning equipment, adjusting operating conditions. 
pneumatic starters, turbine-driven accessory drives and other accessories 
that will help tomorrow’s jets fly faster, farther and more safely. 


PRECISION PRODUCTS* MADE BY ECLIPSE-PIONEER 


Automatic Flight Systems Oxygen Equipment 

Airplane and Engine Instruments Precision Components for Servo- j ; e 
Flight and Navigation Instruments mechanism and Computing ae A 
Power Supply Equipment Equipment /, A Sp J / y 

Air Pressurization and Ice Sand, Permanent Mold and Die : e 
Elimination Equipment Costings of Hag ond TETERBORO, NEW JERSEY + DIVISION OF Bendix 
Air Turbine-Driven Accessories Plaster Mold Castings West Coast Office: 117 E. Providencia, Burbank, Calif. 


Export Sales: Bendix International Division 


*Manufacturing capacity is now available for a great many models of these products. 
205 East 42nd St., New York 17, N.Y. 


World’s Largest Producer of Aviation Instruments and Accessories 
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precision industry 


To serve this great industry 
a manufacturer must maintain the best and 
most modern equipment available, operate 
it with skilled craftsmen, and use every 
existing method of tightening specifications 
and cutting production costs. Indiana Gear 
is such a manufacturer—a company 
of craftsmen producing fine quality 
transmissions and actuators for industry. 


This is the control panel room 
in G. W.'s ultra modern 
heat-treating department — 
one of the contributing fac- 


tors to Indiana Gear's unique 
ability to create hard-to-make 
parts to exacting specifica- 


INDIANA GEAR 


INDIANA GEAR WORKS, INC.« INDIANAPOLIS 7, INDIANA 


tions 
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Helicopter Division, McDonnell Air 
crait Corporation. Mr. Weichsel’s talk 
was concerned with the problems 
associated with designing, selling, and 
operating helicopters for commercial 
purposes. His talk was supplemented 
by two color movies, one depicting 
operations of the Bell Model 47 heli 
copter in mail service between the 
Chicago Municipal Airport and subur 
ban and downtown Chicago and the 
other showing Okinagan Airways in 
support of engineering operations in the 
Canadian Northwest. 

A question-and-answer period 
followed the formal talk, after which the 
meeting was adjourned to the Club 
Room where refreshments were served 
during the customary social hour. 


San Diego Section 


H. C. Matteson 
Corresponding Secretary 


The San Diego Section held its fall 

dance on November 7 at the IAS build 
ing. Two hundred and thirty members 
and their guests attended this highly 
successiul social event. Music was 
furnished by Francis Leonard’s 
orchestra, playing from 9:00 p.m. to 1:00 
a.m. A buffet supper was served con 
tinuously throughout the evening. The 
gaiety and sociability of the members 
and guests were especially gratifying 
to Vice-Chairman Jim Wenzel and 
Program Chairman Ralph Grey who 
planned this event. 
Ceramic coatings was the subject for 
a technical meeting held on November 
12. The speaker was John V. Long 
Director of Research, Solar Aircraft 
Company. His paper was entitled 
“Ceramic Coating Developments and 
Uses.” Mr. Long called upon his wide 
experience in ceramics to give his 
audience a generous overall picture of 
this field. He discussed the use « 
ceramic coatings in aircraft engines and 
other equipment and described interest 
ing developmental test methods, ap 
plication techniques, and quality con 
trol procedures. Mr. Long’s talk was 
highly informative and appreciated by 
all in attendance. 


Texas Section 
J. H. Boucher, Secretary 


The regular monthly meeting of the 
Texas Section for October established a 
new precedent that, it is hoped, will be 
continued in future months. A joint 
meeting was held with the Texas Section 
of the SAE at 8 p.m. on October 23 in 
the Hilton Hotel, Fort Worth, Tex. 
featuring a social period, dinner, and 
notable speakers giving their impres 
sions of the 1953 Farnborough Air Show 
in England. 
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technical bulletin 


N PW PILOT SEAT 
ACTUATOR 
a ... that can be made to 

your exact specifications in. 


1. Length of stroke NSN, 2 The two jacks 
a 2. Speed of stroke movement. 
rs 3. Spread between jacks 
: > 4. Operating load 


9. Mounting dimensions 


Another new product from the design department at EEMCO 
is this pilot seat adjustment actuator that can be made to 
your exact specifications as listed above. With a weight of 
only 7 pounds, it will handle an operational load of 350 pounds 


. . . and more. The compact control box, only 2%” x 4%.” x 6%” 

Electrical Engineering in size, contains the small and powerful EEMCO motor for 

. driving the two jacks, as well as the clutch, brake, limit travel 

he and Manufacturing Corp. switches and radio noise filter. The two jacks are Goupled for 
Ec 4612 West Jefferson Blvd, synchronized movement. The actuator illustrated has the 


following specifications: 

int Los Angeles 16, Calif. . 

ot Operating load: 350 pounds 

in Voltage required: 26 DC Amperes: 8.5 

X., Stroke: 4.625” Speed of stroke: .75” per second 
. Ultimate static tension load: 6600 pounds 

Ultimate static compression load: 1800 pounds 
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On November 17, Washington Section members journeyed to Hagerstown, Md., to join the 
members of that Section in a joint dinner meeting. In the above picture are shown all but one 
of those who participated in the technical portion of the Washington-Hagerstown meeting. 
From left to right: R. A. Darby, Chairman, Hagerstown Section; Capt. W. C. Fortune, USN, 
Chairman, Washington Section; L. R. Hackney, Executive Vice-President, Transport Air Group, 
one of the speakers; Col. Paul F. Nay USAF, who gave a prepared discussion of the papers 
presented; Donald S. Conrad, Pratt & Whitne Division, United Aircraft Corporation, one of 
the speakers; Brig. Gen. Donald F. Keirn, USAF, Moderator for the technical session; and 
W.C. Lawrence, American Airlines, Inc., one of the speakers. Not shown in this photograph 
is Harold Hoekstra, CAA, who also gave a prepared discussion of the papers presented. 


Mr. Kirk, Senior Structures Group 
Engineer, Convair, provided an interest 
ing narrative of some excellent motion 
pictures showing his landing at London 
in a Super Constellation and static and 
flight demonstrations of all airplanes 
being exhibited. The flight pictures, 
taken with a telescopic lens, provided 
good detail of such airplanes as the 
Handley Page Victor delta bomber, the 
Avro Vulcan delta bomber and four 
small prototype deltas in formation, 
several English Electric Canberras 
featuring phenomenal rate of climb, 
numerous Hawker Hunters and Super- 
maine Swifts, British first-line fighters, 
the Bristol Britannia turboprop trans- 
port, the DH110 Vampire fighters, the 
Gloster Javelin delta T-tail fighter, the 
DH Dove small transport, the Short 
Sea Mew, counterrotating propeller 
driven shipboard fighter, and several 
helicopters. 

W. P. Thayer, Sales Manager of 
Chance Vought Aircraft Division, 
United Aircraft Corporation, was un- 
able to be present. His notes, however, 
were presented by H. B. Gibbons, Chief 
of Development of Chance Vought, who 
accompanied Mr. Thayer to the Farn- 
borough show. Mr. Thayer thought 
that the flying was not so spectacular 
this year, probably the result of last 
year’s tragedy. In comparison with 
similar U.S. shows, he felt that the usual 
single-ship fly-bys were not so im 
pressive as our precision formation 
exhibitions. He agreed with Mr. Kirk 
in picking out the Victor and Canberra 
bombers and the Hunter and Swift 


fighters as being particularly outstand 
ing but feels that, in general, the 
United States aircraft industry retains 
a decided edge over the British. 

Mr. Gibbons, who not only witnessed 
the air show but toured several of the 
British aircraft companies, described 
significant features of all of the above 
mentioned airplanes. His general feel- 
ing was that there existed a high rate of 
development in the British industry 
with numerous prototype but few pro 
duction-type airplanes 

W. Clegern, Supervisor of Flight Test 
Engineering, Convair, presented a 
power-plant engineer's impressions of 


Student 


New York University 
Paul Lieberman, Secretary 


The first meeting of the fall semester 
was held on September 24. At that 
time, a color and sound film, NACA 
Research, was shown to a membership of 
23. This film depicted the varied re- 
search activities carried on by the 
NACA. 

p At the meeting of October 1, elec 
tions were held for a Vice-Chairman to 
replace Walter Jung who left the school. 
As a result, Joseph Harry was elected, 
and the officers are as follows: Chair 
man, Stanley Smith; Vice-Chairman, 
Joseph Harry; Secretary, Paul Lieber- 
man; and Treasurer, Solomon Metres. 
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the exhibition. In his tour of industr 
firms, he visited Rolls-Royce, Ltd 
where he saw a Conway two-spool by 
pass engine on the test stand. This 
engine is reported to develop 14,000 Ibs 
static thrust dry and employs a low 
temperature continuous ignition after 
burner. A_ stainless-steel engine was 
being developed for Mach Number 2 
and altitudes of 70,000 to 80,000 ft 
Mr. Clegern remarked on the simplicit 
and utility of the wind-tunnel facilities 
at Rolls-Royce, where, in one installa 
tion the suction of three turbojet engines 
was used to attain air flows, while, in 
another, jet exhaust was used for high 
temperature Mach 1.2 conditions. At 
Bristol were seen many divisions and 
the only semblance of American-type 
production in the Olympus engine of 
10,000-plus Ibs. static thrust. Mr 
Clegern flew on a test flight in a 
Britannia and was particularly im 
pressed with the low noise level and 
adjustable fuel system. At Vickers 
Armstrongs, Ltd., he was similarly im 
pressed with the low noise level of the 
Viscount transport. Mr. Clegern’s 
significant observations during his visit 
were: good planning and follow-up; 
low noise level of the turboprop trans 
ports; the well-organized prototype 
approach; few production models; and 
government subsidy of jet-transport 
development. 

The meeting was adjourned at the 
conclusion of an interesting evening 
well spent by both organizations, 


Washington Section 
T. C. Muse, Secretary 


(For information on the November 17 
meeting held jointly with the Hagers 
town Section, please refer to the 
“Hagerstown and Washington” entr 
on page 73.) 


Bra nches 


Twenty-seven members were present 
at the elections. 


> On October 8, the film, Jet Test, was 
shown. This film, which showed how 
the Air Force flight-tests the F-86 Sabre 
was received by the 38 attending 
members with great enthusiasm. Before 
the meeting was adjourned, Arnold 
Schaffer and Michael Jarymowycz were 
appointed Secretary's Assistants. 


> At the October 15 meeting, the 
attendance had risen to 48. At the 
conclusion of the business portion of 
the meeting, a film, Ready for Flight, 
was shown. This film described the 
maintenance problems of the C-54 
during the Berlin Air Lift. 
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Theyre flying 
on top of the world 


Allison's service representative on assignment with the 
318th Fighter-Interceptor Squadron at Thule Air Base 
didn’t know he was writing an advertisement when he 
sent the following report—but we think you'll be inter- 
ested in these comments from northern Greenland: 

“I am sending a few pictures taken at Thule shortly 
before old Sol set for its last time here in the Arctic. 
I am sure that these pictures will be of interest—with 
a caption indicating satisfactory performance of the 
Allison ]33 engine even in these adverse conditions, 
some 800 miles from the geographic North Pole, and 
almost due east of the magnetic pole. 

“The Air Echelon overseas movement of the 318th 
with Lockheed F-94B’s was made from McChord Air 
Force Base, Washington to Thule. This 


. . . . . 
= \ move, made without incident, indicates not 


| 


only the pilots’ capabilities and outstanding mainte- 
nance of equipment, but also the rugged dependability 
of the ]33 engine. During the first four months of oper- 
ation here, even with the onset of the Arctic night and 
extreme temperatures, this squadron is still logging 


hundreds of hours of combat-ready flight a month. 


“I believe it would be quite fitting for Allison to indi- 
cate its appreciation of the Squadron's unrelenting con- 
fidence in the ]33 engine and its prolonged effort 
toward making jet fighter operations both possible and 
practical in the far northern reaches of the globe.” 

\llison greatly appreciates this opportunity to salute 
the 318th Squadron of the Northeast Air Command 
for its splendid record in maintaining vigilant guard 


at the top of the world. 
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World's most experienced designer and builder of aircraft turbine engines —J35 and J7! Axial, J33 Centrifugal Turbe- Jet Engines, T38 and T40 Turbo-Prop Engines 
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SETIES R900 Rugged, environmental-resistant unitized construction with guaranteed maxi- 


mum error 7 minutes of arc from electrical zero. Average error spreads within 5 minutes. The accuracy of 
this series eliminates the need for complicated 2-speed Synchro systems in many applications. Advanced 
manufacturing techniques now make these performance advantages available at minimized cost. 

Technical Data on other Synchro develop- 


ments in various size ranges and for special 
applications available. 


KEARFOTT COMPONENTS INCLUDE: 
Gyros. Servo Motors. Synchros, Servo and Ca?r ot 
Magnetic Amplifiers. Tachometer Genera- 


tors. Hermetic Rotary Seals, Aircraft Navi- 
gational Systems, and other high accuracy 
mechanical, electrical and electronic com- 


SINCE 1917 


ponents. 


KEARFOTT COMPANY, INC., 1150 McBRIDE AVENUE, LITTLE FALLS, N. J. 


Midwest Office: 188 W. Randolph St., Chicago 1, III. West Coast Office: 253 N. Vinedo Ave., Pasadena, Calif. 
A General Precision Equipment Corporation Subsidiary 
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> On October 22, the attendance was 
10. Two films, Hydraulic Brakes and 
Air Screw, were shown. 

pe On October 29, the film, Memphi 
Belle, was shown and was well-received 
by the 38 attending members. At this 
meeting, Jack Sain was elected to 
represent this IAS Student Branch in 
the University’s Undergraduate En 
gineering Council. The U.E.C. co 
ordinates all engineering groups on th 
N.Y.U. campus and is composed of tw 
delegates from each group. 

p> A smoker was held on the evening oi 
October 30. Since the guest speaker 
was unable to come, two motion pictures 
were shown. One of these was 7): 
Phantom Fighter; the other one was 
Aircraft Structures. Many of th 
members who have worked at various 
aircraft plants told the group of their 
experiences. This gathering proved in 
formative and extremely satisfactory 
It was felt by the 20 members wh 
attended that many such meetings 
should be held in the future. 

> The meeting of November 5 was 
given over completely to old and new 
business. 

p> On November 12, a film, Static Test 
ing of Aircraft Structures, was enjoyed b 
the 35 members present. 


Parks College of Aeronautical 
Technology 


Myron Tygar, Secretary 


On November 12, 45 persons wer 
present to hear Edwin A. Roth, Presi 
dent of the St. Louis Section of the 
American Society of Photogrammetry 
speak on “The Art and Science ot 
Photogrammetry.” In his talk, the 
speaker traced the history of photo 
grammetry from its inception to the 
present time. He also explained the 
various ways in which photogrammetr: 
is used by the cartographer, geologist 
conservation official, and militar 
personnel in their respective occupa 
tions. 

The film, Highways in the Sk) 
showed the development and manu 
facture of aeronautical charts. It also 
dealt with various types and techniques 
of aerophotography. 

An informal question-and-answer 
period was held by Mr. Roth after the 
showing of the film. 


The Pennsylvania State University 
Ralph N. Straley, II, Secretary 


A regularly scheduled meeting of The 
Pennsylvania State University Student 
Branch was held on November 5. This 
meeting, at which 30 members were 
present, was held in conjunction with 
the Society of Automotive Engineers. 

The IAS Student Branch Chairman 
Frank Leader, covered the regular 
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business quickly and turned the meeting 
over to the speaker of the evening. 

Mr. Maybry, of Reaction Motors, 
Inc., told of the origin and theory of 
rockets. He described a typical re- 
action motor used in these rockets and 
ended his lecture with a film on the 
experimental planes used by the NACA 
at Muroc, Calif. 

After a discussion, the meeting was 
adjourned. 


University of Colorado 


Robert G. Lacy 
Corresponding Secretary 


On November 17, the first of the 
scheduled speakers was entertained. 
He was Harry M. Miller, Manager of 
Engineering Personnel, Bell Aircraft 
Corporation. Mr. Miller gave an in- 
teresting talk on the development of the 
helicopter industry. 

p At the next regular meeting on De- 
cember 8, a representative from United 
\ir Lines, Inc., addressed the group. 


University of Illinois 
David G. Herbener, Secretary 


The first meeting of the fall semester, 
ield on October 14, was somewhat an 
introductory one for new students and 
inembers. Fifty persons were present. 

Chairman Frank Vileta spoke about 
the local IAS Student Branch, telling 
what has been done in the past and what 
is to be attempted in the future. The 
Chairman, speaking for the upper 
classmen, offered help in class work, 
societies, ete., to any underclassman 
who requested it. 

Professor H. S. Stillwell, Head of the 
university’s Aeronautical Departinent, 
welcomed the new students and gave a 
description of the Aeronautical Depart 
ment. He also summarized the re 
search now being carried out by the 
laculty. 
> On November 11, the second meeting 
of the semester was held with 58 persons 
present. 

Following a brief business meeting, 
three films from McDonnell Aircraft 
Corporation were shown. These were: 
The Whirlaway, The Voodoo, and The 
Banshee. 

Chairman Vileta presided. 


University of Michigan 
Donald E. Wilcox, Secretary 


Seventeen persons attended the 
October 14 meeting at which Chairman 
Kirke Comstock presided. After 
various announcements concerning the 
University’s Engineering Centennial and 
Convocation were made, Bill Sproule 
introduced Dr. Gibbons, of NACA’s 
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Lewis Flight 
Cleveland. 

The speaker of the evening was Mr. 
Miller, of Bell Aircraft Corporation, 
who spoke on the topic, “When are 
Helicopters Going?”. In his talk, Mr. 
Miller traced the -history of the heli- 
copter from its inception to the present. 
He described the utility of the machine 
and pointed out the small number of 
specialized helicopter engineers. 

Mr. Miller showed two technicolor 
films on helicopters. One was entitled 
Platform Pilots and showed a fleet of 
Bell helicopters at work in mountainous 
terrain. The other film, Postmen of the 
Skies, described the Chicago Post 
Office’s use of Bell helicopters in speed 
ing air-mail deliveries. 

The meeting was then adjourned, and 
an informal discussion followed. 


Propulsion Laboratory, 


University of Oklahoma 
Ernest Z. Anderson, Secretary 


The meeting of November 18 was 
called to order by Chairman Jack 
Loewen with 20 students present. 

The program was begun with the 
showing of a film entitled Taking the 
Wing of the PBM to Destruction. 
After the film, Chairman Loewen in 
troduced the speaker, William B. Hobbs, 
Manager of Engineering Personnel, 
Aero Design Engineering Company. 
Mr. Hobbs spoke on ‘Drafting in the 
Field of Aeronautical Engineering.” 
A question-and-answer period concluded 
the meeting, which was adjourned at 
9:30 p.m. 


The University of Tulsa 


William A. Keeler 
Secretary-Treasurer 


The third meeting of the University of 
Tulsa Student Branch was called to 
order by Chairman Jack Owens at 7:30 
p-m. on November 19. The total 
attendance was 21. 

Minutes of the previous meeting were 
read and approved. A report on the 
recent visits of E. W. Robischon, IAS 
Western Region Manager, and T. J. 
Meskel, IAS Assistant Secretary, was 
given by Chairman Many 
helpful suggestions for making Student 
Branch meetings more profitable for the 
members were offered by Messrs. 
Robischon and Meskel. 

At the conclusion of the business 
portion of the meeting, student talks 
were given by Harold Roberts and Jim 
Kirkpatric. 

Mr. Roberts, in his talk on “High 
Speed Propellers,’ stated that there is a 
definite need for high-speed propellers 
in aviation because of the limitations on 
propellers in use at the present time. 
He also gave the present design tend- 
encies and production problems of 


Owens. 
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high-speed propellers. His talk was 
well illustrated with drawings of per- 
formance and efficiency curves. 

Mr. Kirkpatric’s subject was ‘‘Wings 
in Plan Form.” He discussed the 
present rectangular, sweptback, and 
delta wing configurations and, by means 
of illustrations and curves, gave the 
advantages to be gained from each for 
increasing the speed of aircraft. Mr. 
Kirkpatric also showed the advantages 
to be gained from the use of the rec- 
tangular wing form beyond Mach 1. 

After the two student talks, two 
movies were shown, The History of the 
Helicopter (a Shell Oil Company film) 
and Blueprint for Your Future (a 
McDonnell Aircraft Corporation re- 
lease). 

The meeting was adjourned at 9:30 
p.m. 
> On November 25, the members of the 
Tulsa Student Branch made their fall 
field trip to The Cessna Aircraft 
Company’s main plant at Wichita, Kan. 
Sixteen members made the tour, which 
was arranged through the kind co- 
operation of Don Thrasher, Public 
Relations Director at Cessna. 

Transportation was furnished by 
Cessna, and the members were flown in 
Cessna 170’s to Wichita and back. 

A complete tour of the plant was 
conducted by Mr. Thrasher. During 
the morning, the members were shown 
the machine shop, where the raw 
material is received and work on an 
airplane is begun, and were taken 
through the various fabricating and 
assembly sections to the finished air- 
plane, itself. Cessna’s assembly line 
permits three models—the 170, the 180, 
and the L-19—to be assembled at the 
same time. 

Following a luncheon, at which the 
members were guests of Cessna, a tour 
of the Engineering and Experimental 
sections of the plant was made. The 
students got a first-hand view and in 
formation on the new Model 310, which 
is undergoing tests, and on the Model 
XL-19 equipped with a Lycoming turbo- 
prop engine. The XL-19 recently set a 
new world’s light-plane altitude record 
of 37,063 ft. At that time, it was 
powered by a Boeing 502-8 turboprop 
engine. 

The enjoyable trip was concluded by 
the flight back to Tulsa. 


University of Virginia 
Eddie Leon Yoder, Secretary 


This year, the IAS Student Branch at 
the University of Virgina is presenting 
a display of models of recent aircraft 
which have been donated by various 
companies. The Branch is _ also 
sponsoring a daily weather map service. 
The models and the weather maps are 
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In this picture, token during the Novembe 


Head, Aeronautical Engineering Department; 
Guggenheim Aviation Safety Center; and Student Member Harry L. Clements. 
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t 4 meeting of the University of Wichita Student 
Branch, are shown from left to right: Student Member Donald D. Hufford, Student Member 
David L. Bernhard; Kenneth Razak, Dean, School of Engineering; Melvin H. Snyder, Jr., 


R. M. Woodham, Administrator, Cornell- 
For further 


information, please refer to the University of Wichita item on this page. 


located in prominent positions in the 
main hall of the Engineering School. 

Among the speakers who have ap- 
peared before the Branch are Col. A. L. 
Logan, Professor, Air Science and 
Tactics, Air Reserve Officers Training 
Corps, and Allen Gwathmey, of Special- 
ties, Inc. Colonel Logan described our 
nation’s radar warning system, while 
Mr. Gwathmey spoke on the instru- 
ments connected with flight-path deter- 
mination. 

On November 17, the Branch members 
toured the Fairchild Aircraft plant at 
Hagerstown, Md., and attended the 
joint Washington-Hagerstown Section 
meeting. 


University of Wichita 


On November 4, a meeting was held 
in the University of Wichita’s new 
Engineering Library and presided over 
by Chairman Clark Beck. 


Student Members David L. Bernhard, 
Donald D. Hufford, and Harry L. 
Clements were the recipients of awards 
presented to them at this time by 
Kenneth Razak, Dean of Wichita’s 
School of Engineering. The presenta- 
tions made were: the IAS Student 
Branch Lecture Award for 1953 to Mr. 
Bernhard; the IAS Student Branch 
Scholastic Award for 1953 to Mr. 
Hufford; and a Certificate of Merit from 
the IAS Texas Section to Mr. Clements 
for his winning first place in the 
Graduate Division of the First South 
western Student Competition. 

The speaker was R. M. Woodham, 
Administrator, Cornell-Guggenheim 
Aviation Safety Center, who discussed 
“Flight Safety Research.” In his talk, 
Mr. Woodham presented the various 
phases of research concerned with flight 
safety. 

An NACA film, ¢ 
panied the talk. 
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Members Elected 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the REvIEw. 


Transferred to Associate Fellow Grade 


Chang, Chieh-Chien, Ph.D., Research 
Prof., Inst. for Fluid Dynamics and 
Applied Math., Univ. of Maryland. 


Gullstrand, Tore R., Technologie Dr., 
Aero. Research Scientist, SAAB Aircraft 
Co. (Linkoping). 


Lowry, John G., B.S., Head, 300 m.p.h. 
7- by 10-Ft. Tunnel Sect., Stability Re- 
search Div., NACA, Langley AFB. 

Pierson, John DuBois, M.S.Aero., 
Supvr., Hydrodynamics, The Glenn L 
Martin Co. 

Rhode, Richard V., B.Sc.M.E., Asst. 
Dir. for Research (Construction & Operat 
ing Problems), NACA 
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Stowe, Lewis J., B.Aero.E., Asst. Ch, 
Engr., Stroukoff Aircraft Corp. 

Wang, Chi-Teh, D.Sc., Prof. of Aero, 
Engrg., New York Univ. 


Elected to MEMBER Grade 


Allen, Thomas E., Bachelor's Degree in 
Math. & Physics, Design Engr., Chance 
Vought Aircraft Div., United Aircraft 
Corp. (Dallas). 

Blood, Webster B., A.B.M.E., Tech 
Engr., General Electric Co. 

Cariola, Joseph N., Sr. Design Engr., 
Consolidated Vultee Aircraft Corp. (San 
Diego). 

Carroll, Frank E., Jr., Ch. Engr., United 
Aircraft Products, Inc. 

Carter, Bryce L., M.S.E., Engrg. De 
signer, Boeing Airplane Co. (Seattle) 

Chubb, Robert S., B.S.Ae.E., Aero 
dynamicist, Lockheed Aircraft Corp 
(Georgia 


Clark, William Stanford, Admin. Engr., 


Temco Aircraft Corp. 

Clay, Willard R., Exec. Engr., Aircraft 
Div., Research & Devel. Labs., Rheen 
Mfg. Co 

Dean, Lewis C., Sr. Designer, Chane« 
Vought Aircraft Div., United Aircraft 
Corp. (Dallas). 

Dow, Norris F., B.S. in Ae.E., Head, 
Airframe Components Br., NACA, Lang 
ley AFB 

Gladych, B. Michael, B.S.Aero., Engrg 
Cons., Self-employed. 

Ksieski, K. T., Dipl., M.E., Ch. Re 
search Engr., Aero Supply Mfg. Co., Inc 

Martin, Ronald W. E., Exp. Officer, 


Directorate of Engine Research & Devel., 


Ministry of Supply. 


Moore, William F., B.S.E.E., Mer., 


Aviation Sect., Pacific Northwest District 
General Electric Co. 


Murtaugh, Clyde R., M.Sc. in Aero 


Aerodynamics Engr., Temco Aircraft 
Corp. 
Noren, Gunnar, Civ. Ing., Research 


Engr., SAAB Aircraft Co. 
Pain, Edwin F., B.S. in M.E., Genera 
Sales Mgr., Aero Supply Mfg. Co., Inc 
Robison, Donald E., S.B. in Ae.E., Lea: 
Aerodynamics Design Engr., Chance 
Vought Aircraft Div., United Aircraft 
Corp. ( Dallas) 


Ross, Clarence J., Ch. Designer, Acro 


Cal Engineers Div., Coast Proseal & Mfg 
Co. 

Sutter, Joseph F., B.S. in Ae.E., Grou 
Engr., Boeing Airplane Co. 

Wingham, Philip J., B.Sc. (Gen. Sci 
ence), Ch. of Wind Tunnel Dept., Vickers 
Armstrongs, Ltd 


Transferred to MEMBER Grade 


Benulis, Walter E., B.S. in Ae.E., Sr 
Aerodynamicist, Republic Aviation Cor] 

Detra, Ralph W., Dr.Sc.Techn., R: 
search & Devel. Engr., AGTD, Westing 
house Electric Corp. 

Fosdick, George E., M.S. in Ae.E., Sr 
Aerodynamics Engr., The Glenn | 
Martin Co. 
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Ch 
ve 
ero, You Get Many Benefits 
ONE OF A SERIES ae 
by Specifying MiIcKERS, Hydraulics 
In 
ift 
ited 
Le 
ralt 
n 
ralt 
gr., Omaha, Neb. Waterbury, 
Conn. 
For Hydraulics Development, Design, 
c Manufacturing and Application 
te In resources for research, design, development, circumstances. As a result, you get more for your 
manufacturing and application, Vickers is un- money when you buy Vickers Hydraulic Equipment. 
matched in the hydraulics field. The five plants 
shown above employ more than six thousand people. MICKE R$ 
These plants are strategically located to best serve 
the diversified industries that use Vickers Hydraulics. 
The large scope of these operations makes it 1414 OAKMAN BLVD. © DETROIT 32, MICH, 
I é Application Engineering and Service Offices: El Segundo, Calif., 
economically practicable for Vickers to develop 2160 Drive 
“A facilities that would be impossible under other Miami Springs. Florida, 641 De Sov Drive 
6627 
I 
ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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Fowler, Carl A., Jr., M.S. in Ae.E., 
Mfg. Analyst, Aircraft Div., Coleman Co., 
Inc. (Wichita). 

Goodman, Theodore R., Ph.D. in 
Ae.E., Principal Research Aerodynamicist, 
Cornell Aero. Lab., Inc. 

Head, Robert E., M.S. in Ae.E., Aerody- 
namics Engr., McDonnell Aircraft Corp. 

Lovingham, Joseph J., B. of Ae.E., 
Devel. Engr., Reaction Motors, Inc. 

Mager, Artur, Ph.D.-Aeronautics & 
Physics, Research Fellow in Jet Propul- 
sion, California Inst. of Tech.; Mech. 
Engr., Thompson Lab., U.S. Naval 
Ordnance Test Station (Pasadena ). 

Rice, Norman S., Asst. Mgr. of Opera 
tional Engrg., American Airlines, Inc. 


THREE GREAT NAMES IN AVIATION 


ENGINEERING REVIEW 


Saff, Robert E., Contract Admin., Globe 
Corp., Aircraft Div. 

Scheuing, Richard A., S.B. in A.E. & 
S.M. in A.E., Aerodynamics Research 
Engr., Grumman Aircraft Engrg. Corp. 

Solomon, William, B.A.E., Devel. Aero- 
dynamicist, North American Aviation, 
Inc. (Columbus ) 

Syne, Tobias, M.E., Deputy Ch. Air 
Engr. (Head, Air Maint. Dept.), Israel 
Defense Forces, Air Force (Israel). 

Trefny, Richard B., M.S. in Ae.E., De- 
sign Engr. & Supvr. in Charge of Rotor 
Dynamics & Flutter, Helicopter Div., 
McDonnell Aircraft Corp 

Weihman, Clifford E., M.S., Sr. Acro 
dynamics Engr., The Glenn L. Martin Co. 


WITTEK 
( 


Cessna 


WITTEK MANUFACTURING COMPANY 
4305-15 West 24th Place, Chicago 23, Illinois 
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1954 


Willer, Jack E., M.S. in Ae.E., Proj 
Aerodynamicist, North American Avia 
tion, Inc. (Columbus). 


Elected to Associate Member Grade 


Jones, J. Glyn, Surveyor, Grade I, Air 
Registration Bd. 

Kitsmiller, Charles E., Production 
Engrg. Mgr., American Car & Foundry 
Co. 


Transferred to Associate Member 
Grade 


Markham, Philip de Lacey, S/L, Officer 
Commanding Maint. Wing, RCAF, RCAF 
Station (North Bay, Ont.). 


Elected to Technical Member Grade 


Armstrong, Edward A., B.Sc. in C.E., 
Airframes Designer, Chance Vought Air- 
craft Div., United Aircraft Corp. (Dallas 

Besse, William G., B.S., Design Engr., 
Hayes Aircraft Corp. 

Davies, William O., A.B. (Physics), 
Acro-Physicist, Firestone Tire & Rubber 
Co. 

Martin, Wesley B., B.S.M.E. (Aero.), 
Struct. Engr., Chance Vought Aircraft 
Div., United Aircraft Corp. (Dallas) 

Pade, Robert K., B.S.M. (Aero 
Service Liaison Engr., Chance Vought 
Aircraft Div., United Aircraft Corp. 

Schamadan, Leo E., Jr., B.S.I.E., Field 
Engr., Cleveland Graphite Bronze Co. 


Transferred to Technical Member 
Grade 


Cook, Creighton W., B.S. in Ae.E., Lt., 
USN; Student, Massachusetts Inst. of 
Tech 

Crandall, Edmund B., Capt. & Sr. Pilot, 
USAF; Bomb Wing Job Control Officer, 
Biggs AFB. 

deCastongrene, Russell O., Jr., B.S. in 
Ae.E., Ens., USN; Student, Aviation 
Ground Officers School (Jacksonville) 

Flentge, Ralph E., B.S., Design Engr., 
Guided Missile Div., McDonnell Aircraft 
Corp 

Green, James F., Lofting, Republic 
Aviation Corp 

Hemler, Frank T., B.S. in Ae.E., Lt. & 
Naval Aviator, USN. 

Heselton, Leslie R., Jr., M.S.—Physics, 
Lt. Comdr. & Naval Aviator, USN 

Hufford, Donald D., B.S. in Ae.E., 
Flight Test Engr., Boeing Airplane Co 

Wichita) 

Jedrziewski, Edward W., BS., 2nd 
Lt., USAF; Aero. Engr., USAF Institute 
of Technology, Wright-Patterson AFB 

Jensen, Lloyd K., B.S., Maj. & Pilot, 
USAF; Office of Asst. for Command 
Programming, Hq., ARDC (Baltimore) 

Johnson, Forrest D., Maj., USAF 
Proj. Engr., Fighter Br., Directorate of 
Weapons Systems, ADC, ARDC, Wright 
Patterson AFB 

Johnson, Richard H., M.S. in Ae.E., 
Jr. Proj. Supvr., Flight Test Analysis 
Group, Chance Vought Aircraft Div., 
United Aircraft Corp 
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AERONAUTICAL 


From Water Level To Stratosphere... 


Pittsburgh 
FABSEAL 


Makes Flying Safer... 
More Efficient! 


Millions of flying hours prove the 
dependable performance of these impregnated 
fabric tapes in civilian and military use! 


@ Many of America’s leading 
builders of aircraft use Pitts- 
burgh’s FABSEAL Tapes with 
complete confidence in their 
outstanding quality to seal flying 
boats, pressurized cabins and 
for other applications where 
there is considerable racking 
movement. 

@ FABSEAL Tapes are im- 
pregnated fabric of uniform 
density, resistant to water, 
gasoline and oil. They are avail- 
able in .015” thickness and in 
widths from 42” to 12”, pack- 
ages in rolls of 50 feet. 


@ These tapes are particularly 
designed for use in fluid or air 
containers where excessive 
pressures are experienced. 
They are also adapted for seal- 
ing structural members where 
flexibility and vibration present 
unusual requirements. FAB- 
SEAL Tapes can also be bolted, 
riveted or screwed between 
metal, wood or fiber members 
to provide a fillet that assures 
a complete seal. 

@ Call on us for advisory serv- 
ice. Our wide experience in the 
aircraft field often can save you 
time and money. 


PITTSBURGH PLATE GLASS CO., Industrial Paint Div., 


Piusburgh, Pa. 


Factories: Milwaukee, Wis.; Newark, N. 


Springdale, Pa.; Houston, Texas, Los Angeles, Calif.; Portland, 
Ore. Ditzler Color Div., Detroit, Michigan. The Thresher Paint 
& Varnish Co., Dayton, Ohio. Forbes Finishes Division, Cleveland, 
Ohio. M. B. Suydam Div., Pittsburgh, Pa. 


PITTSBURGH PAINTS 


PAINTS GLASS « CHEMICALS BRUSHES PLASTICS FIBER GLASS 
PITTSBURGH PLATE GLASS COMPANY 
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The Finest 
ELECTRICAL 
CONNECTOR 


MONEY CAN 
BUY! 


SCINFLEX 


LOWEST VOLTAGE DROP 
IN THE INDUSTRY! 


When operating conditions demand an electrical 
connector that will stand up under the most rugged 
requirements, always choose Bendix Scinflex Elec- 
trical Connectors. The insert material, an exclusive 
Bendix development, is one of our contributions to 
the electrical connector industry. The dielectric 
strength remains well above requirements within 
the temperature range of —67°F to +275°F. It makes 
possible a design increasing resistance to flashover 
and creepage. It withstands maximum conditions 
of current and voltage without breakdown. But 
that is only part of the story. It’s also the reason 
why they are vibration-proof and moisture-proof. 
So, naturally, it pays to specify Bendix Scinflex 
Connectors and get this extra protection. Our sales 
department will be glad to furnish complete infor- 
mation on request. 


e Moisture-Proof Radio Quiet Single Piece Inserts Vibration-Proof « 
Light Weight e High Insulation Resistance ¢ High Resistance to Fuels 
and Oils ¢ Fungus Resistant e Easy Assembly and Disassembly « 
Fewer Parts than any other Connector ¢ No additional solder required. 


BENDIX SCINFLEX 


ELECTRICAL CONNECTORS 


SCINTILLA DIVISION of 


SIDNEY, NEW YORK 


AVIATION CORPORATION 


Export Sales: Bendix International Division, 205 E. 42nd St, New York 17, N. Y. 
FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. © Stephenson 
Bidg., 6560 Cass Ave., Detroit 2, Michigan ® 512 West Ave., Jenkintown, Pa. 
Brouwer Bidg., 176 W. Wisconsin Avenue, Milwaukee, Wisconsin © 8401 Cedar 
Springs Rd., Dallas 19, Texas. 
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COMPACTNESS 
EFFICIENCY 


American aircraft manufacturers today 
build planes that have capabilities thought 
impossible just a few years ago. A large part 
of their success has been due to the in- 
clusion of more and better electronic equip- 
ment in each new model. But, the use of 

this additional equipment has created new 
problems for aircraft designers, particularly 
those of space and weight. 

One answer to these difficulties is the 
miniaturization of electronic equipment, 
and working on the components for this 
have been the engineers of AMPHENOL. From 
their engineering skill have evolved many 
of the new components needed to add com- 
pactness to efficiency—AMPHENOL miniature 

connectors and cables included in new com- 

pact electronic assemblies have helped 
solve many of the problems created by the 
trend toward miniaturization. 

AMPHENOL is the world’s largest single 
source manufacturer of approved A N con- 
nectors, RF connectors and coaxial cable. 
At your service to assist you with applica- 
tions of these components is the AMPHENOL 

Engineering Counseling Service, who will 

also work with you in the modification of 

AMPHENOL components or the design of to- 

tally new units to your specifications. 


Statistical Officer, Mitchel AFB. 
- Klem, William C., B. of Ae.E., Jr. Engs 
Piasecki Helicopter Corp. 

Lampros, Alex F., B.S., Grad. Student 
Applied Mechanics, Virginia Polytechnic 
Inst. 

Lederer, John M., B.S., 2nd Lt., USAF: 
Student, Inst. of Tech., Wright-Patterson 
AFB. 

Listou, Robert E., Capt. & Sr. Pilot, 
USAF; Weapons Systems Engr., ADC, 
Wright-Patterson AFB. 

Little, John P., B.S., Maj., USAF: 
Military Ch., Industrial Engrg. Div., 
Directorate, Maint. Engrg., Hq., 
SMAMA, McClelland AFB. 

Ludwig, George, Jr., Engrg. Draftsman, 
Republic Aviation Corp. 

Mako, John A., Weight Control Engr., 
Chance Vought Aircraft Div., United Air 
craft Corp. 
Meyer, Lowell L., B.S., Jr. Aerodynam 
ics Engr., Chance Vought Aircraft Div., 
United Aircraft Corp. 
Michaelsen, Odd E., B.A.Sc., Research 
Officer, Aerodynamics Lab., Natl. 
search Council (Ottawa). 

O’Connor, Kenneth F.,_ Instructor, 
Design Dept., Academy of Acronautics 
O’Neil, William F., B.S. in Ae.E., 
Engr., Massachusetts Inst. of Tech. 


Re 


Jr 


Papadopoulos, George T., B.S. in Ac.E., 
Analytical Engr., Research Dept., United 
Aircraft Corp. 
Peck, Wayne E., B.S. in Ae.E., Jr 
Engr., Chance Vought Aircraft Div., 
United Aircraft Corp. 
Price, William G., III, Maj. & Sr 
Pilot, USAF; Procurement Officer, Hq., 
AMC, Wright-Patterson AFB. 
Ramsey, Frank D., Capt., USAF; 
Proj. Officer, Guided Missiles Br., Special 
Weapons Center, Kirtland AFB. 
Reuna, Edwin D., B.S., Test Engr., 
Wright Aero. Div., Curtiss-Wright Corp 
Rizer, Virgil H., B.S., Capt., USAF; 
Procurement Officer, Brookley AFB 
Roman, John W., Jr., Engrg. Draftsman 
“A,”’ Republic Aviation Corp. 
Skidmore, Edward O., B.S. in Ae.E., 
Lt., USN; Student in Aero. Engrg., Naval 
Admin. Unit, Massachusetts Institute of 
Technology. 


Solter, Julius, B. of Ae.E., 


Knegrg 
Draftsman 


A,”’ Republic Aviation Corp 
Spurrier, Paul M., B.S., Capt. & Si 
Pilot, USAF; Asst. Chief, Aircraft Engrg 
Branch, ADC, Wright-Patterson AFB 
Stein, Bethold, B.S. in Ae.E., Aero. 
Engr., Airframe Group, Pacific Alaska 
Div., Pan American World Airways 
Thomas, Charles P., B.S., Capt., USAF; 
Electronics Engr.-Pilot-Navigator, Dire« 
torate——-Flight & All-Weather 
WADC, Wright-Patterson AFB. 
Wengel, Fred E., Assoc. in Ac.E., 
Engr., Design Dept., Airplane 
Div., McDonnell Aircraft Corp. 
Wester, John F., B.S. in Ae.E., Lt., 
Naval Aviator, USN; Student in Aero 
Engrg., Massachusetts Inst. of Tech. 


Testing, 


Engrg 


Jordan, Raymond V., B.S., Maj., USAF: 
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. Who designed and built the Afterburner Temperature Control 
for the record-breaking Douglas F4D Skyray? 
I 
AF 
lot, 
AF 
Iq., 
Air 
LV 
Re 
The Afterburner Temperature Control on the 
ans Westinghouse J 40 turbojet which powered the history-making 
, U.S. Navy’s Skyray is a development of the 
E., Aircraft Products Division of Manning, Maxwell & Moore, Ine. 
‘ Our contribution to the Skyray’s official average 
of 753.4 mph culminates five years of concentrated 
iq experience in designing and producing simple, reliable automatic 
A] afterburner and variable area control systems for jet engines. 
This latest application of our aircraft products again 
a proves the validity of our unique design technique. 
Al 
We emphasize system design which adheres to developed components 
: whenever practicable — design which requires 
att no modification of the basic jet engine governing system. 
ol 
We are confident that our engineering counsel, extensive 
rp manufacturing and test facilities can be 
| 
arf of real service to you in building better and safer jet aircraft. 
a Your inquiry is invited. 
[red 
lly, 
MANNING, MAXWELL & MOORE, INC. 
I 
x1 AIRCRAFT PRODUCTS DIVISION STRATFORD, CONN. DANBURY, CONN. INGLEWOOD, CALIF. 
= 
OUR AIRCRAFT PRODUCTS INCLUDE: TURBOIET ENGINE TEMPERATURE CONTROL AMPLIFIERS ELECTRONIC AMPLIFIERS 
oe $ M Z| PRESSURE SWITCHES FOR ROCKETS, JET ENGINE AND AIRFRAME APPLICATIONS * PRESSURE GAUGES 
| THERMOCOUPLES * HYDRAULIC VALVES * JET ENGINE AFTERBURNER CONTROL SYSTEMS. 
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Aerodynamics ‘ 
Boundary Layer & Thermoaerody- 
namics 
Fluid Mechanics & Aerodynamic 
Theory 
Internal Flow 
Wings & Airfoils 


Aeroelasticity 

Air Transportation 

Airplane Design 

Airports 

Aviation Medicine 

Computers 

Electronics 
Amplifiers 
Antennas 


Communications 
Construction Techniques 


Aeronautical Reviews 


A Guide to the Current Literaiwre of 
Aeronautical Research and Engineering 


|. PERIODICALS AND REPORTS 


Networks. . . 

Noise & Interference 
Semiconductors 
Telemetry 
Transmission Lines 


Equipment 
Electric 
Hydraulic & Pneumatic 


Fuels & Lubricants 
Gliders 
Ice Formation & Prevention 
Instruments. . 
Automatic Control 
Flow-Measuring Devices 
Temperature-Measuring Devices 
Machine Elements. . 
Rotating Discs & Shafts 
Materials. 
Corrosion & Protective Coatings 


Metals & Alloys 
Nonmetallic Materials 


Missiles 
Navigation 
Noise Reduction 
Parachutes 
Physics. 


Power Plants 
Jet & Turbine 
Ram-Jet & Pulse-Jet 
Rocket 

Production 
Metalworking 
Production Engineering 


Propellers 

Rotating Wing Aircraft 
Safety 

Space Travel 


Structures 
Beams & Columns 
Elasticity & Plasticity 
Plates 


Dielectrics 

Electronic Tubes 
Magnetic Devices 
Measurements & Testing 


Testing. 
Mathematics 
Meteorology 


Thermodynamics 
Water-Borne Aircraft 
Wind Tunnels & Research Facilities 


BOOKS REVIEWED IN THIS ISSUE 


Book Notes.... 


Books, reports, and periodicals reviewed in this issue or in pre- 
vious issues may be borrowed on 2-week loan without charge by 
individual or Corporate Members of the Institute in the U.S. and 
Canada. Members of The Paul Kollsman Lending Library who 
are not Members of the Institute may borrow books and, in spe- 
cial cases, other research material. Members of the IAS may 
borrow also from the Engineering Societies Library through The 
Paul Kollsman Lending Library. 

Photostatic copies of material in the Institute’s libraries may 
be obtained at a cost of $0.35 to members and Corporate Mem- 
bers ($0.45 to nonmembers) for each 8!/.- by 11-in. print and 


$0.40 to members and Corporate Members ($0.50 to nonmembers) 
for each 111/s- by 14-in. print, plus postage. A minimum charge 
of $1.00 is made to nonmembers of the IAS. Reference citations 
in the Aeronautical Reviews Section give the total number of 
pages for report and booklet materials; only the beginning page 
is given for periodical articles. 

Bibliographies on special subjects will be compiled at the rate 
of $2.50 per hour. Translations of technical literature from for- 
eign languages may be obtained at $12 to $14 per 1,000 words, 
depending on the language. IAS members receive a 20 per 
cent discount on bibliographies and translations. 


Full information about library membership and facilities will be sent upon request to The Paul Kollsman 
Lending Library, 2 East 64th St., New York 21, N.Y 
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SUB-MINIATURE INDICATOR ASSEMBLIES 


A great aid to your miniaturization program 


MOUNT IN 15/32” HOLE 
ALL LENS COLORS 


Easy lamp replacement 
with any midget flanged 
base lamp types 


Complete blackout 
or semi-blackout ACTUAL 


dimmer types MECHANICAL 
DIMMER 
No. 11-1930-621 

THESE ASSEMBLIES LOGICALLY REPLACE 
LAMPS NO. 319, 320, and 321 


NON-DIMMING 
No. 8-1930-621 


\ 

] 


REPLACE 
WITH THIS 


PLASTIC PLATE (EDGE) LIGHT ASSEMBLIES 


AIR FORCE and BUREAU of AERONAUTICS 
MIL-L-7806 DRAWING MS-25010 


DIALCO No. TT-51 (Red filter-black top) 
... or, No. TT-51A, complete with No. 327 Lamp 


ALSO MADE 
with other filter colors 
and with light-emitting A iN 
top (for indication) 
ALL OF THE ASSEMBLIES ILLUSTRATED 
ACCOMMODATE LAMPS NOS. 327, 328, 330, and 331. 
ANY ASSEMBLY AVAILABLE COMPLETE WITH LAMP 


SAMPLES ON REQUEST —NO CHARGE 


Foremost Manufacturer of Pilot Lights 


DIALIGHT CORPORATION 


60 STEWART AVENUE, BROOKI YN 37, N. Y. HYACINTH 7-7600 
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Aerodynamics 


Alcune Esperienze su i Monienti di 
Cerniera di Diversi Tipi di Alettone in 
Funzione Degli Incrementi di Portanza da 
essi Determinati (Some Tests on Hinge 
Moments of Different Ailerons with Re- 
spect to Their Lift Increasing Power), 
Mario Pittoni L’ Aerotecnica (Rom 
Aug., 1958, p. 297. In Italian 

Tests on the Hurricane L.1696 in the 
24-ft Wind Tunnel. 1). W. Bottle and ‘J 
\V. Somerville Gt. Brit., ARC R@M 25¢ 
(Aug., 1941), 19538. 10 pp. BIS, New 
York $0.75 

What Causes the Sonic ‘Bang’? Mario 
A. Pesando and Donald C. Whittk 
Aircraft (Australia), Oct., 1958, p. 34 


Boundary Layer & Thermoaerodynamics 


Aerodynamic Heating on Yawed In- 
finite Wings and on Bodies of Arbitrary 
Shape. H. Schuh. Stockholm, KT! 
AERO TN 35, July 5, 1958 12 pp Is 
refs. Means of solution for the thermal 
boundary layer equation in laminar flow 

Flight Measurements of Trailing-Edge 
Suction on a Sailplane. August Raspct 
and Glenn D. Bryant. Aero. Eng. Re 
Jan., 1954, p. 26.) Experimental inve 
gation at Mississippi State College 

Some Recent Advances in Boundary 
Layer and Circulation Control. Court 
land I). Perkins and David C. Hazen 
Fourth RAeS-TAS  Anglo-Ame ler 
Conf London, Sepl lo 17, 1958, Proc., | 
189. Discussion of theoretical and ex 
perimental investigations of systems uti 
lizing blowing slots, suction slots, and po 
rous materials. 

Verbesserung des Differenzenverfah- 
rens von H. Gortler zur Berechnung 
laminarer Grenzschichten. Hermann 
Witting. ZAMP, Sept. 15, 1953, p. 376 
In German. Polynomial approximation 
of the velocity distribution in the neigh 
borhood of the wall for the calculation of 
laminar boundary layers of plane, stead 
and incompressible flow functions 

An Analytical Investigation of the 
Effect of the Rate of Increase of Turbulent 
Kinetic Energy in the Stream Direction on 
the Development of Turbulent Boundary 
Layers in Adverse Pressure Gradients. 
Bernard Rashis. U.S., NACA TN 3049 
Nov., 1953 30 pp 14 refs 

Interaction of a Turbulent Boundary 
Layer with a Step at M = 3. C. I 
Kepler and S. M. Bogdonoff.  Princetor 
Ul. Aero. Eng. Lab. Rep. 238, Sept 
14 refs. 

Some Features of Artificially Thickened 
Fully Developed Turbulent Boundary 
Layers with Zero Pressure Gradient. 
P.S. Klebanoff and Z. W. Diehl 
NACA TN 2475, 1951.) U.S., NACA 
Rep. 1110, 1952. 27 pp. 22 refs. Supt 
of Doc., Wash SO.30 


1953 56 pp 


Fluid Mechanics & Aerodynamic Theory 


Buoyant Motion in a Turbulent En- 
vironment. C.H. B. Priestley. Austra 
tan J. Phys., Sept., 1958, p. 279. 13 ref 
Solutions of the simultaneous equation 
for the vertical velocity and temperatur« 
of an element of fluid moving under buoy 
ancy and subjected to continuous mixing 
of heat and momentum with its environ 
ment 
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Characteristics of Internal Solitary 
Waves. Garbis H. Keulegan. (Res 
Paper 2442.) U.S., NBS J. Res., Sept., 
1953, p. 188. ONR-supported investiga- 
tion applying the Boussinesq method of 
approximations to the analysis of disturb- 
ances of the interface points for waves of 
permanent form and the internal solitary 
wave. 

Eddy Turbulence and Random Sound in 
a Compressible Fluid. Mahinder S. Ub- 
eroi. Proc. Cambridge Philos. Soc., Oct., 
1953, p. 731. ONR-OAR-sponsored re- 
search. 

Flow Patterns in the Wake of an Os- 
cillating Aerofoil. I—Experimental Flow 
Patterns. II—Calculations Relating to 
Flow in the Wake. J. B. Bratt. Gt 
Brit. ARC R&M 2773 (March, 1950), 
1953. 28pp. BIS, New York. $1.70 

Integration of the Equations of Tran- 
sonic Flow in Two Dimensions. D 
Meksyn. Proc. Royal Soc. (London), Ser 
A, Nov. 10, 1958, p. 239. 14 refs. 

The Long-Wave Paradox in the Theory 
of Gravity Waves. F. Ursell. Pra 
Cambridge Philos. Soc., Oct., 1953, p 
685. 18 refs. ONR-supported research 
at NYU 

Long Waves in Running Water. J. C 
Burns. Appendix— On The Critical 
Froude Number for Turbulent Flow Over 
aSmooth Bottom. M. J. Lighthill. Pra 
Cambridge Philos. Soc., Oct., 1958, p. 695 
Modification of the classical shallow-water 
theory for the propagation of long waves to 
include the effects of the vorticity in the 
main stream, with the velocity distribu 
tion as a function of the depth. 

Multipole Expansions in the Theory of 
Surface Waves. R. C. Thorne. Proc. 
Cambridge Philos. Soc., Oct., 1958, p 
707. 18 refs. 

On Small Disturbances of Plane Couette 
Flow. Wolfgang Wasow. (Res. Paper 
2451.) U.S., NBS J. Res., Oct., 1953, p 
195. 18 refs. ONR-sponsored research 

On the Possibilities of Estimating the 
Towing Resistance of Ships by Tests with 
Small Models. I. Curt Falkemo. (.Stock- 
holm, KTH Handlingar, Nr. 64, 1953. 
Acta Polytechnica (Stockholm), Mech. Eng. 
Ser., No. 8 (122), 19538. 50 pp., folded 
29 refs. Experimental and an- 
alytical investigation of skin resistance, 
laminar-to-turbulent transitional flow, 
Wave contours, stream lines, and other 
factors. 

A Revised Index of Mathematical 
Tables for Compressible Flow. R. C. 
Tomlinson. Gt. Brit., ARC R&M 2691 
(Dec., 1949), 19538. 12 pp. 51 refs 
BIS, New York. $0.90. 

Spectrum of Turbulence in a Contract- 
ing Stream. H.S. Ribner and M. Tucker. 
{U.S., NACA TN 2606, 1952.) U.S., 
NACA Rep. 1113, 1958. 17 pp. 12 
refs. Supt. of Doc., Wash. $0.20. 

Experiments with a Rotating Cylinder 
Viscometer in Liquid Helium II. A. C 
Hollis-Hallett. Proc. Cambridge Philos 
Soc., Oct., 1958, p. 717. 13 refs. 

Interferometric Studies of Supersonic 
Flows about Truncated Cones. J. H 
Giese and V. E. Bergdolt. J. Appl 
Phys., Nov., 1953, p. 1389. Experimental 
investigation at the Ballistic Research 
Labs., Aberdeen Proving Ground, Md 

Low-Speed Drag of Cylinders of Various 
Shapes. Noel K. Delany and Norman E 


plates. 


AERONAUTICAL REVIEW'S 


Sorensen. U.S., NACA TN 3038, Nov., 
1953. 22 pp. 

On the Flow of an Incompressible 
Viscous Fluid Past a Flat Plate at Moder- 
ate Reynolds Numbers. Y. H. Kuo. J. 
Math. & Phys., July-Oct., 1953, p. 88. 14 
refs. Proposed solution to the problem of 
two-dimensional steady flow past a finite 
flat plate and the uniformization of the 
analytic behavior of the successive approx- 
imations. 

Short Surface Waves Due to an Oscil- 
lating Immersed Body. F. Ursell. Proc. 
Royal Soc. (London), Ser. A, Oct. 22, 1953, 
p. 90. The problem of fluid motion for a 
long circular cylinder, with its axis hori- 
zontal, half-immersed in a fluid under 
gravity and making periodic vertical os- 
cillations of small constant amplitude 
about this position. 

Transonic Flow Past a Wedge at Zero 
Angle of Attack. Leon Trilling. ZAMP, 
Sept. 15, 1958, p.358. 12refs. Theoret- 
ical investigation, including analysis of 
the pattern of flow resulting from a local 
supersonic region embedded in a subsonic 
field. 

The Two-Dimensional Subsonic Flow of 
an Inviscid Fluid About an Aerofoil of 
Arbitrary Shape. Parts I to IV. L. C. 
Woods. Gt. Brit. ARC R&M_ 2811 
(Nov., 1950), 1958. 58 pp. 28 refs. 
BIS, New York. $3.50. 

Diffraction and Reflection of Weak 
Shocks by Structures. Lu Ting. J. 
Math. & Phys., July-Oct., 1953, p. 102. 
12 refs. Analysis of the problem of a 
weak shock hitting a two-dimensional 
rectangular barrier, with solutions satisfy- 
ing all boundary conditions at suitably 
divided time intervals. 

Observation of Shock Formation and 
Growth. Alfred B. Laponsky and Ray- 
mond J. Emrich. J. Appl. Phys., Nov., 
1958, p. 1883. Experimental studies at 
Lehigh U.; details of recording and flow- 
measuring equipment. 

A Relaxation Treatment of Shock 
Waves. L. C. Woods. Gt. Brit., ARC 
CP 134 (July 8, 1950), 1953. 9pp. BIS, 
New York. $0.65. 


Internal Flow 


An Analysis of the Air Flow Through the 
Nozzle Blades of a Single Stage Turbine. 
I. H: Johnston. Git. Bret., ARC CP 131 
(Feb., 1951), 1953. 18 pp. BIS, New 
York. $0.75. 

The Design and Testing of Supersonic 
Nozzles. R. Harrop, P. I. F. Bright, J. 
Salmon, and M. T. Caiger. Gt. Brit., 
ARC R&M 2712 (May, 1950), 19538. 40 
pp. BIS, New York. $2.45. Theoreti- 
cal and experimental analysis of flow 
through a throat, with tables, charts, and 
diagrams. 

Experimental Investigation of the Ef- 
fects of Cooling on Friction and on Bound- 
ary-Layer Transition for Low-Speed Gas 
Flow at the Entry of a Tube. Stephen J. 
Kline and Ascher H. Shapiro. U.S., 
NACA TN 3048, Nov., 19538. 65pp. 27 
refs. 

The Fundamental Laws of Fluid Me- 
chanics in Tensor Representation and the 
Application to the Theory of Turbo-Ma- 
chines. L.S.Dzung. Brown-Boveri Rev., 
Aug., 1953, p. 321. 
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On the Solution of the Differential 
Equation Occurring in the Problem of 
Heat Convection in Laminar Flow Through 
a Tube. Milton Abramowitz. J. Math. 
& Phys., July-Oct., 1958, p. 184. 

Schlieren Tests on Some Conventional 
Turbine Cascades. J. A. Dunsby. Gt. 
Brit. ARC R&M 2728 (Sept., 1949), 
1953. 14 pp. BIS, New York. $1.00. 

Some High-Speed Tests on Turbine 
Cascades. E.A. Bridle. Gt. Brit., ARC 
R&M 2697 (Feb., 1949), 1953. 14 pp. 
BIS, New York. $1.00. 


Wings & Airfoils 


The Evaluation of Downwash at Large 
Spanwise Distances from a Vortex Lat- 
tice. H.C.Garner. Gt. Brit., ARC R@M 
2808 (Dec., 1950), 1958. Spp. BIS, New 
York. $0.65. 

Growth of the Turbulent Wake Close 
Behind an Aerofoil at Incidence. D. A. 
Spence. Gt. Brit., ARC CP 125 (May 
29, 1952), 1953. 18pp. BIS, New York. 
$0.90. 

High Maximum Lift. I, II. G.H. Lee. 
The Aeroplane, Oct. 30, Nov. 6, 1953, pp. 
603,634. Analysis of the stall and meth- 
ods of obtaining high Czmar. on the 
basis of two-dimensional flow and for the 
case of the complete airplane. 

The Influence of Camber and Geo- 
metrical Twist on Low-Aspect-Ratio Wings 
of Finite Thickness in Subsonic, Tran- 
sonic and Supersonic Flow. Friedrich 
Keune. Stockholm, KTH AERO TN 29, 
June 4, 1958. 13 pp. 

Method for the Determination of the 
Pressure Distribution over a Finite Thin 
Wing at a Steady Low Speed. G. J. 
Hancock. Gt. Brit., ARC CP 128 (Sept. 
2, 1952), 1953. 11 pp. BIS, New York. 
$0.65. 

Theory of Subsonic and Supersonic 
Sidewash Induced by a Wing in Roll. 
A. Kahane. Republic Av. Rep. EDR-57- 
154, May 20, 1953. 21 pp. Methods of 
evaluation of sidewash; application of the 
similarity theory to the case of rolling 
wings in subsonic flow; use of the ‘‘lifting- 
line’ theory to develop formulas for the 
calculation of supersonic sidewash for 
wings of arbitrary load distribution. 

Wind-Tunnel Tests on the 30 Per Cent 
Symmetrical Griffith Aerofoil with Distrib- 
uted Suction Over the Nose. N.Gregory, 
W.S. Walker, and A. N. Devereux. Gt. 
Brit. ARC R&M 2647 (June, 1948), 
1953. 14 pp. BIS, New York. $1.00. 

Note on the Lift Slope, and Some Other 
Properties, of Delta and Swept-back 
Wings. E. F. Relf. Gt. Brit., ARC CP 
127 (June 16, 1953), 19538. 9 pp. BIS, 
New York. $0.55. 

Theoretical Calculations of the Effects 
of Finite Sideslip at Supersonic Speeds on 
the Span Loading and Rolling Moment for 
Families of Thin Sweptback Tapered Wings 
at an Angle of Attack. Windsor L. Sher- 
man and Kenneth Margolis. U.S., 
NACA TN 3046, Nov., 1958. 53 pp. 

Types of Flow on Swept Wings; With 
Special Reference to Free Boundaries and 
Vortex Sheets. D. Kiichemann. J. 
RAeS, Nov., 1953, p. 683. 

Use of Two-Dimensional Data in Esti- 
mating Loads on a 45° Sweptback Wing 
With Slats and Partial-Span Flaps. 
Lynn W. Hunton and Harry A. James. 
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non Thompsons WIN 6 
MICROWAVE WAVEMETER 


for fast, accurate readings 


HIS SINGLE UNIT is designed to accurately measure the wave- 

length of microwave signalsin one rapid reading. Wavelengths 
from 6 to 60 cms. (500-5000 mcs.) can be measured to an accuracy 
of greater than 1%. 


One setting of the control is all that is necessary to operate this 
wavemeter. There is no subtracting of readings, no finding two 
peaks, no multiplying by two. You merely maximize the meter 
indication and read the wavelength. 

Designed, developed and manu- 
factured by the Electronics Divi- Tho 
sion of Thomspon Products, this p 
model WING6AA wavemeter has im son 
been engineered for portability. 

It is compact, lightweight, and 


equipped with a convenient carry- Products ° Inc. 


ing handle, priced at only $290, 
F.O.B. Cleveland. 


ip 


ELECTRONICS DIVISION, 2196 CLARKWOOD RD., CLEVELAND 3, OHIO 


U.S., NACA TN 3040, Nov., 1953 
Ppp 

Velocity Distribution on Untapered 
Sheared and Swept-back Wings of Small 
Thickness and Finite Aspect Ratio at 
Zero Incidence. S. Neumark and |] 
Collingbourne. Gt. Brit., ARC Ré 
2717 (Mar., 1949), 1958. 50 pp BIS. 
New York. $3.50) 


Aeroelasticity 


The Aerodynamics of Compressor Blade 
Vibration. Appendix I—Aerodynamic 
Damping Flexural Mode. Appendix 
II_ Frequency Parameter and Bending 
Stress. Appendix III—Amplitude Limit 
of Stalled Flutter Vibrations. Appendix 
IV_—Aerodynamic Excitation from Wakes, 
etc. Appendix V-—-Resonance Peaks. 
Appendix VI Damping and Stalled Flut- 
ter. H. Pearson Fourth RAeS-IAS 
Anglo-Amer. Aero. Conf., London, Sept 
15-17, 1953, Proc., p. 127. 

Aerofoil Oscillations at High Mean In- 
cidences. W.P. Jones. Gt. Brit., A R¢ 
Re A 2654 (April, 1948), 1958. 9 py 
BIS, New York. $0.75. 

Le Azioni Aerodinamiche su Ali a 
Freccia in Moto Oscillatorio (Aerodynamic 
Forces on Sweptback Wings in Oscillatory 
Motion). Marino Marini. L'Aerotec) 
(Rome), Aug., 1953, p. 275. In Itali 
A theoretical method for harmonic motio1 
analysis 

On the Analytical Determination of the 
Normal Modes and Frequencies of Swept 
Cantilever Vibrations. A. H. Hall, H. | 
L. Pinkney, and Helen A. Tulloch. ( 
ada, NAE LR-76, July, 1953. 95 pp 

On the Equation for a Damped Pen- 
dulum under Constant Torque. Wall 
D. Hayes. ZAVP, Sept. 15, 1953, 
398 

Semi-Graphical Method for the Study of 
Damped Three-Mass Systems. W. Kur 
zemann. (Alaschinenbau und Warmex 
schaft, July, 1953, p. 187.) Engr. D 
Nov., 19538, p. 421. Use of vector di 
grams to analyze forced vibration condi 
tions 

Simplified Analysis of Complex Vi- 
bration Problems. O.C. Brewster. Pro 
Eng., Nov., 1953, p. 161. Basic princi 
ples of the Mobility Method applied t 
the solution of multi-mass and other pro! 
lems 

Some Related Oscillation Problems. 
W. J. Dunean. Gt. Brit., ARC R&A 
2707 (Apr., 1949), 1958. 12 pp. BIS 
New York. $0.90. 

Gust Loads and Operating Airspeeds of 
One Type of Four-Engine Transport Air- 
plane on Three Routes from 1949 to 1953. 
Walter G. Walker US, NACA 7 
3051, Nov., 1953. 34pp. 14 refs 

Summary of Revised Gust-Velocity 
Data Obtained from V-G Records Taken 
on Civil Transport Airplanes from 1933 to 
1950. Walter G. Walker. U.S., NAC 
TN 3041, Nov., 1958. 16 pp. 


Air Transportation 


The Introduction of the Comet into 
Service. A. C. Campbell Orde. Fourt/ 
RAeS-IAS  Anglo-Amer. Aero. 
London, Sept. 15-17, 1953, Proc., p. 268 


BOAC « 
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BOAC operational experience; potentiali- 
ties of jet transportation. 


Airplane Design 


Ejection Seat Development in Sweden. 
The Aeroplane, Nov. 20, 1953, p. 692. 
SAAB Co. experiments, with technical 
data covering ejection velocities and po- 
tentialities. 

The Firefly MK.7 and its Forerunners. 
The Aeroplane, Nov. 20, 1953, p. 684, 
cutaway drawings. Developmental sur- 
vey of the Mark series; detailed design 
and structural characteristics of the T.- 
Mk.7. 

Introducing . . . The DC-7. Douglas 
Serv., Sept.-Oct., 1953, p. 1, cutaway draw- 
ings. Design and structural details; per- 
formance data; maintenance factors. 

Landing of an Aircraft on a Suspended 
Sheet. Appendix I-—Aircraft Dropping 
Vertically Under Gravity. Appendix II 
Determination of Equations of Motion of 
an Aircraft Landing on an Infinite Sheet 
Under Transverse Tension. Appendix 
IiI—Method of Computation. J. Taylor. 
Gt. Brit., ARC R&M 2574 (June, 1947), 
19538. 37 pp. BIS, New York. $2.25. 

The Piloted Delta-Wing Interceptor; 
One of Its Major Design Problems. I. 
Alain Buret. JIJnteravia, No. 11, 1953, p. 
664. Requirements in terms of defense 
against atomic attacks 

Report on Turbine Transports; The 
Operational Viewpoint. T. G. Linnert 
and Carl Eck. Air Line Pilot, Nov., 
1953, p. 3. Evaluation of performance 
and design problems. 

Stability and Control in Aircraft Design. 
J.C. Wimpenny. (RAeS Paper, Nov. 12, 
1953.) Flight, Nov. 20, 1958, p. 678. 
Abridged. 


Airports 


Applications of Electricity at Airports; 
A Review of Progress. J. E. Carpenter 
and C. Heyes. (JEE Paper 1555.) Proc 
IEE, Part 1, Nov., 1953, p. 307. Design 
of lighting, control, and communications 
systems 


Aviation Medicine 


Aeromedical Problems for Nuclear 
Propelled Aircraft. John E. Pickering and 
George E. Thoma, Jr. J. Av. Med., Oct., 
1953, p. 423. 

Comparative Ecological Study of the 
Chemistry of the Planetary Atmospheres. 
H. Strughold. J. Av. Med., Oct., 1953, 
p. 398. 34 refs. USAF SAM investiga- 
tion of the problems of space medicine. 

Importance and Relation of Preventive 
Medicine to Aviation Medicine. John 
Rizzolo. J. Av. Med., Oct., 1953, p. 412. 
32 refs. 

Peripheral Circulation and Simulated 
Altitude. II. F. Girling and C. Maheux. 
J. Av. Med., Oct., 1953, p. 446. 

The Physiological Recognition of Strain 
Associated with Flying. Thaddeus J 
Domanski and James B. Nuttall. J. 
Av. Med., Oct., 1953, p. 441. 

A Plea for the Inclusion of the Cover 
Test for Heterophoria in Routine Flight 
Physical Examinations. T. D. Duane. J 
Av. Med., Oct., 1953, p. 425. 


AERONAUTICAL REVIEWS 


Preliminary Investigation Into the Study 
of the Fundus Oculi of Human Subjects 
Under Positive Acceleration. T. D. 
Duane. U.S., NADC Rep. NADC-MA- 
5303, July 1, 1958, 60 pp. 28 refs. Avia- 
tion Medical Acceleration Lab., Johns- 
ville, Pa., research. 

Some Observations on Human Toler- 
ance to Accelerative Stress. Phase II 
Preliminary Studies on Primates Sub- 
jected to Maximum Simple Accelerative 
Loads. E. L. Beckman, J. E. Ziegler, T. 
D. Duane, and H. N. Hunter. J. Av. 
Med., Oct., 1953, p. 377. 14 refs. 

Stimulus Required to Produce Motion 
Sickness; Restriction of Head Movement 
as a Preventive of Airsickness—Field 
Studies on Airborne Troops. W. H 
Johnson and J. W. Mayne. J. Av. Med., 
Oct., 1953, p. 400. 

Effect of Brightness Distribution in the 
Entire Field of View Upon the Perform- 
ance of a Task. Glenn A. Fry. 0. 
State U. Eng. Exp. Sta. News, Oct., 1953, 
p. 22. 19 refs. 

Fascination: A Cause of Pilot Error. 
Brant Clark, Marjorie A. Nicholson, and 
Ashton Graybiel. J. Av. Med., Oct., 
1953, p. 429. 

Some Aspects of Brightness Discrimina- 
tion. P.Ratoosh. O. State U. Eng. Exp. 
Sta. News, Oct., 1953, p. 48. 

Visual Engineering: The Design of 
Equipment and Tasks for Efficient Use of 
Human Visual Capacity. Paul M. Fitts. 
O. State U. Eng. Exp. Sta. News, Oct., 
1953, p. 9. 12 refs. Research studies in 
the Laboratory of Aviation Psychology. 

The Visual Range in Daylight, Dark- 
ness, and Twilight. Maurice A. Garbell. 
Garbell Res. Foundation, Aero. Ser. 6 
1952. 22 refs. 


Computers 


Application of Digital Computing Tech- 
niques to Physics. R.A. Brooker. Brit. 
J. Appl. Phys., Nov., 1953, p. 321. 21 
refs. 

Computer Memory Uses Conventional 
C-R Tubes. A. W. Holt and W. W. 
Davis. Electronics, Dec., 1953, p. 178. 
Use of the Williams system for rapid cal- 
culations, featuring digital memories with 
speeds up to 100,000 words per sec. 

Digital Computers. Jan A. Rajchman. 
Instruments, Nov., 1958, p. 1711. 
velopment of the complete process-con- 
trolling computer, with analysis of mem- 
ory and solid-state devices. 

Electronic Analogue Integration and 
Differentiation. P. S. Brandon.  Elec- 
tronic Eng., Nov., 1953, p. 476. 

Fused-Quartz Ultrasonic Delay-Line 
Memory. D. A. Spaeth, T. F. Rogers, 
and §. J. Johnson. Electronics, Dec., 
1953, p. 151. For high-speed digital com- 
putations and data processing. 

A New Electronic Analogue Computor ; 
A Compact General-Purpose Instru- 
ment Designed for Quantity Production. 
E. Lloyd Thomas. Aircraft Eng., Nov., 
1953, p. 349. 

A Mathematical Basis for an Error 
Analysis of Differential Analyzers. K. S. 
Miller and F. J. Murray. J. Math. 
& Phys., July-Oct., 1953, p. 136. 41 
refs. Effect of errors on digital machine 
solutions. 
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Programme Design for the C.S.I.R.O. 
Mark I Computer. I—Computer Con- 
ventions. Il—Programme Techniques. T. 
Pearcey and G. W. Hill. Australian J. 
Phys., Sept., 1958, pp. 316, 335. 


Electronics 


Audar. R.H. James. Electronic Eng., 
Nov., 1958, p. 451. Design of equipment 
to provide audio detection and ranging to 
demonstrate radar principles and displays. 

Aviation Electronics. Arthur Van 
Dyck. Proc. IRE, Nov., 1958, p. 1572. 
Survey of developmental growth; sug- 
gestions for solving problems of complexity 
and unreliability; operational, design, and 
other factors. 

Crystal-Mixer Design at Frequencies 
from 20,000 to 60,000 Mc/s. C. R. 
Ditchfield. (JEE Radio Sect. Paper 
1548.) Proc. IEE, Part IIT, Nov., 1953, 
p. 365. 

The Design of High Q Iron Cored In- 
ductors. N. H. Crowhurst. Electronic 
Eng., Nov., 1958, p. 478. A direct-ap- 
proach design procedure using charts and 
data sheets. 

Direction-Finding Studies of Large- 
Scale Ionospheric Irregularities. E. N. 
Bramley. Proc. Royal Soc. (London), 
Ser. A, Oct. 22, 1953, p. 39. 17 refs. 
Results of directional measurements on 
pulse signals reflected from the ionosphere 
in the 2-15 megacycles per sec. range. 

Graphical Analysis of Nonlinear Cir- 
cuits Using Impedance Concepts. John 
S. Thomsen. J. Appl. Phys., Nov., 1953, 
p. 1379. 

Millimeter Waves; The New Frontier 
in Radio. Aerovox Eng. Dept. Aerovox 
Res. Worker, p. 1. Survey of develop- 
ments since 1920. 

On the Diffusion of Decaying Particles 
in a Radial Electric Field. Julian Keilson. 
J. Appl. Phys., Nov., 1958, p. 1397. 
USAF-Army-Navy-supported studies at 
MIT. 


Amplifiers 


A Laboratory Amplifier for Audio and 
Ultrasonic Frequencies. Henry P. Hall. 
Gen. Radio Exp., Nov., 1953, p. 2. Cir- 
cuit details; operational characteristics; 
applications. 

Magnetic-Converter D-C Amplifier. 
William A. Rote. Electronics, Dec., 1953, 
p. 170. Applications to recorders and 
control systems. 

Transient Response of the Grounded 
Base Transistor Amplifier with Small Load 
Impedance. J. S. Schaffner and J. J. 
Suran. J. Appl. Phys., Nov., 1953, p. 
1355. 

The Transistor D. C. Amplifier. Her- 
bert F. Starke. Radio &@ TV News, Dec., 
1953, p. 82. Applications in the instru- 
mentation field. 


Antennas 


Excitation Coefficients and Beamwidths 
of Tschebyscheff Arrays. Robert J. Ste- 
gen. Proc. IRE, Nov., 1953, p. 1671. 
Derivation of an exact expression by equat- 
ing the array space factor to a Fourier 
series whose coefficients are readily cal- 
culated. 
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Propagation Along a Slotted Cylinder. 
Roger F. Harrington. J. Appl. Phys., 
Ohio 
State U. studies on the behavior of travel- 


Nov., 1953, p. 1366. 10. refs. 


ing wave slot antennas. 
Traveling-Wave Slot Antennas. 


Hines, V. H. Rumsey, and C. H. Walter 


Proc. IRE, Nov., 1958, p. 1624. 
Traveling Wave Slot Antennas. 


Rumsey. J. Appl. Phys., Nov., 1953, p. 
1358. 12 refs. USAF-supported 
oretical and experimental investigation at 


Ohio State U. 


Communications 


Carrier-Controlled Relay. David 
Harris. Radio & TV News, Radio-Elec- 
tronic Eng. Sect., Nov., 1953, p. 13. 
tails of a control circuit actuated by a re- 


ceived radio signal; use in airport com- 


munications systems 


Information Theory. A. M. Andrew 


Electronic Eng., Nov., 1953, p. 471. 


refs. Conception of information as 
measurable quantity; redundancy, noise, 


and other factors; applications. 


Portable Microwave for Allied (Air 
Forces in Europe. M.G. Staton. Elec- 
tronics, Dec., 1953, p. 180. A 2,000-mc., 
24-channel radio-relay system; circuit 


details. 


Construction Techniques 


Mechanized Production of Electronic 
Equipment. R. L. Henry and C. C. Ray 
burn. Electronics, Dec., 1953, p. 160. 
Use of the NavBuAer-NBS-developed 


modular wafer design and processes. 


consider these 6 advantages of 
‘designing your product with a... 


Intermittent high torque motor 
with low weight factor; for 
circraft and many other 
opplications. 


Universal motor with shaft 
carried on double row ball 
bearings; developed for use as 
a high-speed grinder. 


mb Electric 


mractionat worserower MOTOR 


A Lamb Electric Motor — specially 
engineered for your product — 
makes available the following six 
important advantages: 
IN THE MOTOR... 

1. Reduced cost, weight, space. 

2. Exact mechanical and electrical 

requirements. 

3. Thorough dependability. 
IN THE PRODUCT... 

4. Better performance. 

5. Improved appearance. 

6. Compactness, less wejght. 


Our engineering department will 
be glad to team up with yours to 
help obtain these results. 
The Lamb Electric Company 
Kent, Ohio 


In Canada: Lamb Electric—Division of 
Sangamo Company lLtd.—Leaside, Ontario 


THEY'RE POWERING AMERICA’S PRODUCTS 


Electtic 


reactionat Horsepower MOTORS 


FEBRUARY, 1954 


New Constructional Techniques. II. 
G. W. Dummer and D. L. Johnston 
Electronic Eng., Nov., 1958, p. 456. Re- 
view of developments, with emphasis on 
the potted and printed circuit techniques 

Project ‘‘Tinkertoy'"—Step Toward the 
Automatic Factory. Albert F. Murray 
Tele-Tech, Nov., 1953, p. 70. NBS proj 
ect development for Nav BuAer 


Dielectrics 


Dielectric Properties of Teflon from 
Room Temperature to 314° C and from 
Frequencies of 10? to 10° c/s. Paul 
Ehrlich. (Res. Paper 2449. U.S., NBS 
J. Res., Oct., 1953, p. 185 

Dielectric Relaxation in a Styrene- 
Acrylonitrile Copolymer During and After 
its Polymerization. Paul Ehrlich and 
Nicholas J. De Lollis. (Res. Paper 2444 
U.S., NBS J. Res., Sept., 1953, p. 145. 20 
refs. 

Maxwell-Wagner Loss and Absorption 
Currents in Dielectrics. B. \V. Hamon. 
Australian J. Phys., Sept., 1953, p. 304. 
14 refs. 


Electronic Tubes 


Backward-Wave Tubes. R. Kompfuer 
and N. T. Williams. Proc. IRE, Nov., 
1953, p. 1602. Theoretical and experi- 
mental analysis of backward gain and os- 
cillation starting conditions; characteris- 
tics of the BWO tube; circuit appli 
cations. 

“Carcinotron’’—Backward Wave Mi- 
crowave Oscillator. Edward C. Dench 
Tele-Tech, Nov., 1953, p. 64. 10 refs 
Development and characteristics of the 
experimental 2,000-3,000-me M-type 
tube. 

Characteristics of the Temperature- 
Limited (Mazda) Diode Type 29CI. fF 
A. Benson and M.S. Seaman. Electronic 
Eng., Nov., 1958, p. 462. 

Design and Performance of a High- 
Power Pulsed Klystron. M. Chodorow, 
E. L. Ginzton, I. R. Neilsen, and S. Sonkin 
Proc. IRE, Nov., 1953, p. 1584. 22 refs 

Design Factors that Extend Electron 
Tube Life. John H. Wyman. Tele-Tech, 
Nov., 19538, p. 80. Reliability require 
ments affecting aircraft control and other 
sensitive equipment. 

Electrometer Tubes. D. L. Collins 
Instruments, Nov., 1958, p. 1708. Design 
criteria and circuit applications, including 
the measurement of electrostatic potentials 
and extremely small currents 

Mapping Magnetron Fields; New 
Method for Studying Electric-Field and 
Space-Charge Configuration. Michael 
Lorant. Wireless World, Dec., 1958, p 
575. NBS development 

Prediction of Traveling Wave Magne- 
tron Frequency Characteristics: Fre- 
quency Pushing and Voltage Tuning. H 
W. Welch, Jr. Proc. IRE, Nov., 1958, p 
1631. 29 refs. 

Some Recent Work in France on New 
Types of Valves For the Highest Radio 
Frequencies. R. Warnecke and P. Guen- 
ard. (IEE Radio Sect. Lecture, May 13, 
1953.) Proc. IEE, Part III, Nov., 1953, 
p. 351. 16 refs. Includes evaluation of 
reflex and multi-cavity klystrous, veloc- 
itv-modulated tubes with distributed 
buncher, traveling-wave amplifiers, mag- 
netrons, and carcinotrons 
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THE NEW DOUGLAS DC-7 


Here’s the big, handsome, DC-7 — Douglas’ 
latest commercial airplane. This picture 
shows off the power packages built for the 
DC-7 by Rohr... world’s largest producer 
of ready-to-install power packages for 
both commercial and military planes. In 
addition, Rohr Aircraftsmen currently are 
producing more than 25,000 different 
parts for all types of airplanes. 


WORLD'S LARGEST PRODUCER j 


AIRCRAFT 


CORPORATION 


OF READY-TO-INSTALL POWER PACKAGES FOR AIRPLANES 


CHULA VISTA AND RIVERSIDE CALIFORNIA 
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Traveling-Wave Tube Helix Impedance. 
Ping King Tien. Proc. IRE, Nov., 19538, 
p. 1617. 


Magnetic Devices 


Complex Magnetic Permeability of 
Spherical Particles. James R. Wait. 
Proc. IRE, Nov., 1953, p. 1664. 

The Development of a Variable Time 
Delay. Kenneth W. Goff. Proc. IRE, 
Nov., 1953, p. 1578. 14 refs. Design, 
construction, and performance of a mag- 
netic-recording drum time-delay system 

Evaluation of High-Performance Mag- 
netic Core Materials. II. Siegfried R. 
Hoh. Tele-Tech, Nov., 1953, p. 92. 19 
refs. 


Measurements & Testing 


Dynamic Measurements on Electro- 
magnetic Devices. I—Description of 
Fluxmeter System. II-—Displacement and 
Velocity Measuring System. III—Ap- 
plications. M. A. Logan. Bell System 
Tech. J., Nov., 1953, p. 1413. 

Measurement of Variations in Atmos- 
pheric Refractive Index with an Airborne 
Microwave Refractometer. Howard E. 
Bussey and George Birnbaum. (Res. 
Paper 2447.) U.S., NBS J. Res., Oct., 
1953, p. 171. 

The Periodmeter. R. G. Barker and 
G. L. Connon. Wireless Engr., Nov., 
1953, p. 274. Principles and design fea- 
tures of a device to measure instantane- 
ously the period of each cycle of an input 
signal, with the information displayed on a 
cathode-ray tube. 

Precision Measurement of Waveguide 
Attenuation. Joseph H.Vogelman. Elec- 
tronics, Dec., 1953, p. 196. Griffiss AFB, 
Rome, N. Y., development and_ tech- 
niques. 

Single-Frequency Harmonic Analyzer. 
Jesse B. Sherman. Electronics, Dec., 
1953, p. 192. For laboratory measure- 
ments of distortion versus load-resistance 
characteristics of tubes. 

A Valve Megohmmeter; The Measure- 
ment of Resistance Up to More Than a 
Million Megohms. M. G._ Scroggie. 
Wireless World, Nov., 1953, p. 516. 


Networks 


Conformal Mappings for Filter Transfer 
Function Synthesis. George L. Mat- 
thaei. Proc. IRE, Nov., 1953, p. 1658. 
ONR-sponsored research. 

A Graphical Contribution to the Analy- 
sis and Synthesis of Electrical Networks. 
O. P. D. Cutteridge. (JEE Radio Sect. 
Monograph 64.) Proc. IEE, Part III, 
Nov., 19538, p.377.  llrefs. Abridged. 

Unbalanced RLC Networks. Louis 
Weinberg. Tele-Tech, Nov., 1953, p. 87. 
Analysis of circuit transfer functions, with 
applications. 


Noise & Interference 


Causes and Measurement of Residual 
Potentiometer Noise. J. R. Altieri. Jn- 
struments, Nov., 1953, p. 1712. 

Detection of Pulse Signals in Noise. 
D. G. Tucker and J. W. R. Griffiths. 
Wireless Engr., Nov., 1953, p. 264. 15 
refs. Use of visual display in an attack on 
the problem. 


Noise Factor of Conventional V.H.F. 
Amplifiers. I. N.Houlding. Wireless 
Engr., Nov., 1953, p. 281. Simplified 
treatment, with an analysis of basic prin- 
ciples and circuit details 

Primary Standard Thermal Noise Gen- 
erator. Gerard Lynch Radio & TV 
News, Radio-Electronic Eng. Sect., Nov., 
1953, p. 10. 

The Suppression of Radio Noise in Air- 
craft Heater Ignition System Manufac- 
ture. Aircraft Heating Dig., Sept., 1953, 
1. 


Semiconductors 


Design Theory of Junction Transistors. 
J. M. Early. Bell System Tech. J., Nov., 
1953, p. 1271. Development of the 
theory. 

Point Contact Germanium Rectifiers; 
Principles of Operation and Their Re- 
lation to Performance and Reliability. I, 
Il. R. T. Lovelock Wireless World, 
Nov., Dec., 1953, pp. 511, 600. 

Semi-Conductors; Recent Advances in 
the Understanding of Semi-Conductors 
and Their Application to Rectifier and 
Transistor Operation. J. S. Blakemore. 
Proc. Inst. Electronics, Third Quarter, 
1953, p. 4. 

Transistor Transient Response. J. J. 
Suran and F. Chow Tele-Tech, Nov., 
1953, p. 67. Application of fundamental 
principles to circuit theory 

Transistors. X—Analogue, ‘‘Field-Ef- 
fect,’’ and Tetrode Transistors: Junction 
Photocells. XI-—Conclusion: Frequency 
Response in Transistor Circuits. Thomas 
Roddam. Wireless World, Nov., Dec., 
1953, pp. 543, 568 

Transistors: Theory and Application. 
X—Switching Circuits Using the Transis- 
tor. Abraham Coblenz and Harry L. 
Owens. Electronics, Dec., 1958, p. 186 
12 refs, 


Telemetry 


A Remote Control and Telemetering 
System for a Van De Graaff Generator. I. 
B. Millar. Electronic Eng., Nov., 1953, 
p. 446. 

Decommutating Telemetered Data. 
Foster Reynolds and James B. Wynn, Jr. 
Radio & TV News, Radio-Electronic Eng 
Sect., Nov., 1953, p. 3. Review of an 
over-all FM/FM radio-telemetry system; 
use of analog low-pass filters for separating 
information. 

Telemetry Subcarrier Separator. James 
B. Wynn, Jr., and Sam L. Ackerman. 
Radio & TV News, Radio-Electronic Eng. 
Sect., Dec., 1953, p. 14. For separating 
the individual channels from the carrier 
frequency in an FM/FM system; ap- 
plications include gathering missiles flight 
performance data 


Transmission Lines 


The Diffraction of Electro-Magnetic 
Waves by a Semi-Infinite Circular Wave 
Guide. J. D. Pearson. Proc. Cambridge 
Philos. Soc., Oct., 1953, p. 659. 

Diffraction of Electromagnetic Waves by 
Two Parallel Half-Planes. B.N. Harden. 
(IEE Radio Sect. Paper 1554.) Proc. IEE, 
Part IIT, Nov., 1958, p. 348 


FEBRUARY, 


1954 


Directional Coupling with Transmission 
Lines. William L. Firestone. Tele-Tec/ 
Nov., 1958, p. 95. Waveguide applica 
tions for measuring reflections, power 
monitoring, multiplexing, and 
based on wave theory. 

Ferrites in Microwave Applications. | 
H. Rowen. Bell System Tech. J., Nov., 
1953, p. 1383. 17 refs. Extension of the 
plane .wave theory to analyze various 
waveguide effects. 

The Hyperbolic Transmission Line as a 
Matching Section. Herbert J. Scott 
Proc. IRE, Nov., 1958, p. 1654. 

An Investigation of the Characteristics 
of Cylindrical Surface Waves. H. M 
Barlow and A. E. Karbowiak. (JEE 
Radio Sect. Paper 1462.) Proc. IEE, 
Part IIT, Nov., 19583, p. 321; Discussion, 
p. 341; Authors’ reply, p. 345. 


mixing 


12 refs. 

Propagation of Microwaves Through a 
Cylindrical Metallic Guide Filled Coaxially 
with Two Different Dielectrics. III. S. 
K. Chatterjee. J. Indian Inst. Sci., 
Sect. B, Oct., 1953, p. 149. 

Surface Waves. H. M. Barlow and A 
L. Cullen. (JEE Radio Sect. Paper 
1482.) Proc. IEE, Part III, Nov., 1958, 
p. 329; Discussion, p. 341; Authors’ 
reply, p. 345. 13 refs. 

The Types of Wave Which May Exist 
Near a Guiding Surface. J. Brown 
(IEE Radio Sect. Paper 1567.) Pro 
IEE, Part ITT, Nov., 1953, p. 363. 


Equipment 


Rotol Accessory Drive Equipment. 
Rotol Limited. J. SLAE, 1953, p 
cutaway drawings. 
maintenance aspects. 


Installation and 


Electric 


Induction Motor Torque and its Meas- 
urement. FE. W. Henderson and K. M 
Chirgwin. Eng. J., Nov., 1953, p. 1440 

The Optimum DC Design of Flip-Flops. 
D. K. Ritchie. Proc. TRE, Nov., 1958, p 
1614. 

A Review of Aircraft External Lighting 
Activities. Cecil B. Phillips and Alan L 
Morse. U.S., CAA TDR 215, Sept., 
19538. 1l5pp. Includes recommendations 
based on tests and conference resolutions 


Small Self-Excited and Self-Com- 
pounded Three-Phase Generators. Emil 
Alm. (Stockholm, KTH Handlingar, Ni 
67, 1958.) Acta Polytechnica (Stockholm), 
Elec. Eng. Ser., No. 12 (126), 19538. 41 
pp. Basic principles and methods of 
compounding ; compensating 
testing techniques and apparatus. 


devices 


Testing to Determine the Effects of 
Vibration on Aircraft Heaters. 
Heating Dig., Sept., 19538, p. 3. 


Aircraft 


Hydraulic & Pneumatic 


An Air-Powered Servo-Actuator. Ralph 
Kress. Aero. Eng. Rev., Jan., 1954, p. 52 
For afterburner nozzle actuation and 
other applications, utilizing turbojet com 
pressor discharge air as a source of energy 

Hydraulic Accumulators. I—Their 
Principles and Uses. Edward M. Greer 
Mach. Des., Nov., 1958, p. 140. 
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Waldes Truarc Ring Replaces Nut and Washer 
...Cuts Costs $5.28 Per M...Speeds Assembly by 50% 


OLD WAY. Main shatt required costly threading. Assembly was TRUARC WAY. tTruarc Retaining Ring snaps quickly and simply 
slowed by the double application of washer and nut and time-con- over shaft. Lock assembly is secured in one fast operation. Virtually 
suming tightening operation. all play is eliminated from lock. 


J. Chesler and Sons, Inc., Brooklyn, N.Y., manufacturers of the pre- 


NEW DESIGN USING WALDES TRUARC RING assembled ‘’Reddi-Mount” cylindrical lockset, uses a single Waldes 
PERMITTED THESE SAVINGS Truarc Retaining Ring instead of an old fashioned nut and washer 
OL WAY to secure the entire assembly of their lock. This new, imprcved 
ee $10.00 per thousand fastening method enables Chesler to eliminate costly threading... 
. 3.80 ” save money on. material ... speed assembly time by 50% and pro- 
Labor for Threading... 2.00 ‘i duce an improved, more durable product. 
Assembly .......- 3.00 


You, too, can save money with Truarc Rings. Wherever you use 
machined shoulders, bolts, snap rings, cotter pins, there’s a Waldes 
ice “ . Truarc Retaining Ring designed to do a better, more economical 

ost of Truarc Ring an 
Grooving Operation. . $11.52 per thousand | job. Waldes Truarc Rings are precision-engineered . . . quick and 
2.00 easy to assemble and disassemble. 


TOTAL $18.80 


TRUARC WAY 


TOTAL 610.68 Find out what Waldes Truarc Retaining Rings can do for you. 


Send your blueprints to Waldes Truarc engineers. 


For precision internal grooving and undercutting...Waldes Truarc Grooving Tool 


SEND FOR NEW CATALOG 


Waldes Kohinoor, Inc., 47-16 Austel Pl., t.1.¢.1,N.Y. 


WALDES Please send me the new Waldes Truarc 


> Ring catalog. ( 


| 
\ | 
| 
| | (Please print) | 
| | 
? 
| 
| 


REG. U.S. PAT. OFF. 


RETAINING RINGS 
WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE 

FOLLOWING U.S. PATENTS: 2,362,947; 2.382.948; 2.416.652: 2.426.341; 2.439.765: 2.441.646: 

2.455.165: 2.420.941; 2,463,360: 2,463,383: 2.487.602: 2.486%7,603; 2,491,306: 2,509,081: 
AND OTHER PATENTS PENDING. 
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Fuels & Lubricants 


Compressibility Studies of Rocket Pro- 
pellants. K.R.Stehling and A. A. Kovitz. 
J. ARS, Nov.-Dec., 1953, p. 374. 

Developing Aviation Fuels and Lubri- 
cants. C. B. Davies. J. RAeS, Nov., 
1953, p. 700. Research experience of 
Thornton Aero Engine Research Lab. 

The Stability of Ethylene Oxide. E. 
Milton Wilson. J. ARS, Nov.—Dec., 
1953, p. 368. 

The‘ Utilization of Power Alcohol in 
Combination with Normal and Heavy 
Fuels in High Speed Diesel Engines. H. 
A. Havemann, M. R. Kk. Rao, A. Natara- 
Narasimhan. J. Jndian 
Inst. Sci., Sect. B, Oct., 1953, p. 215. 13 
refs, 
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Gliders 


Gliding Experiments That Made the 
50th Anniversary of Powered Flight Pos- 
sible. Ralph S. Barnaby. 
Nov.—Dec., 1953, p. 2 


Soaring, 


Ice Formation & Prevention 


Aircraft De-Icing by Thermal Methods. 
J. L. Orr, D. Fraser, and J. H. Milsum 
Fourth RAeS-IAS Anglo-Amer. Aero 
Conf., London, Sept. 15-17, 1953, Proc., p. 
289. 20 refs. Basic icing characteris- 
tics; principles, applications, and control. 


An Aircraft Icing-Rate Meter. G. M. 
Wright. Canada, NAE LR-66, June 30, 
1953. 7 pp. Basic principles; design 


and operational details 


BH. AIRCRAFT CO. m 


FARMINGDALE, NEW YORK 


1954 


Impingement of Water Droplets on 
NACA 65A004 Airfoil and Effect of Change 
in Aircoil Thickness from 12 to 4 Percent 
at 4° Angle of Attack. Rinaldo J. Brun, 
Helen M. Gallagher, and Dorothea E. 


Vogt. U.S... NACA TN 3047, Nov., 
1953. 45 pp. 
Supersaturation in the Spontaneous 


Formation of Nuclei in Water Vapor. 
Adolf Sander and Gerhard Damkohler 
(Die Naturwissenschaften, Sept. 24, 19438, 
p. 460.) U.S., NACA TM 1368, Nov., 
1953. 19 pp. 138 refs. Translation 

What Happens to the Dissolved Water 
in Aviation Fuels? A.B.Crampton, R. F. 
Finn, and J. J. Kolfenbach. Esso Air 
World, Sept.-Oct., 1953, p. 35. Analysis 
of the icing problem. 


Instruments 


Creep Tests in Inert Atmospheres. A 
J. Fenner and G. Willoughby. J. Sc: 
Instr., Nov., 1958, p. 406. A creep-strain 
time curve measuring device. 

Design of a Rate-of-Rotation Recorder. 
S. J. Murphy and S. H. G. Connock. 
Canada, NAE LR-68, July, 1953. 37 pp 
A continuous-trace type to record simul- 
taneously rotation rates of an aircraft 
about three mutually perpendicular axes 

Pulse-Height Analyzer. J. W. 
Thomas, V. V. Verbinski, and W. E. Ste- 
phens. Rev. Sci. Instr., Nov., 1953, p 
1017. The pulse-amplitude-to-time con- 
version principle applied to obtain ré 
cording equivalent to that of a 250-chan 
nel discriminator of relative simplicity 

Theory of the Manometer Accelerom- 
eter. Douglas Steen and Donald Casey 
Rev. Sci. Instr., Nov., 1958, p. 1021. Ex 
perimental confirmation of a theoretical 
analysis of the possible use of U- and 
O-tubes as extremely accurate and sensi 
tive accelerometers. 

Torquemeters and Their Uses. W. \\ 
Patterson. J. SLAE, Sept., 1953, p. 6 
Includes engine power calculations. 


Automatic Control 


Monitor for Automatic Pilots. John J 
Hess, Jr. Electronics, Dec., 1953, p. 174 
Incorporating fail-safe operating device, 
with coincidence-type circuits preventing 
action on turbulence-caused movements 

Rotating Components for Automatic 
Control. I—Linear Resistance Potentiom- 
eters. II-—-Nonlinear Function Genera- 
tion. III—Induction Components. IV 
Synchros. V-—Servo Motors. VI—Speed 
Measuring Devices. VII-— Miscellaneous 
Control Components. VIII—Typical 
Closed Loop Application Circuits. Sidney 
Davis. Prod. Eng., Nov., 1953, pp. 128, 
132, 136, 189, 148, 147, 158, 156, 159 

Servo Design for Missile and Aircraft 
Flight Control. Robert J. Bibbero and 
Roland Grandgent. Tele-Tech, Nov., 
1953, p. 74. Interrelationships of ele 
tronic, aerodynamic, mechanical, and 
other factors. 


Flow-Measuring Devices 


A New Simple Interferometer for Ob- 
taining Quantitatively Evaluable Flow 
Patterns. S. F. Erdmann. (Appl. Sci 
Res., vol. B. 2, 1951, No. 3, p. 149). U.S., 
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NACA TM 1363, Nov., 1953. 
Translation. 

Calculation of Liquid Flow Coefficients. 
Richmond M. Voils, Jr. Instruments, J. 
SCMA, Nov., 19538, p. 1731. Derivation 
of basic flow equations with correction 
factors. 

Prediction of Gas-flow Performance of 
Rotameters. Joel O. Hougen. Jnstru- 
ments, Nov., 1953, p. 1716. Technique to 
obtain calibration data for a gaseous fluid. 


62 pp. 


Temperature-Measuring Devices 


A Direct Reading Thermistor Thermom- 
eter for Aircraft Use. G. M. Wright. 
Canada, NAE LR-65, June 30, 1958. 6 
pp. 

Electrical Techniques for Time Lag 
Compensation of Thermocouples Used in 
Jet Engine Gas Temperature Measure- 
ments. Charles E. Shepard and I. War- 
shawsky. Instruments, ISA J. sect., 
Nov., 1953, p. 119. 

Gun-barrel Measurements Involve 
Rapidly Fluctuating Temperatures. J. 
M. Chenoweth, J. E. Brock, C. R. St. 
Clair, and G. A. Hawkins. Instruments, 
Nov., 19538, p. 1714. Experimental in- 
vestigation at Purdue U.; applications in- 
clude the measurement of piston and cyl- 
inder-wall temperatures in internal com- 
bustion research. 

The Use of Thermocouples for Measur- 
ing Temperatures Below 70° K.; A New 
Type of Low Temperature Thermocouple. 
T. M. Dauphinee, D. K. C. MacDonald, 
and W. B. Pearson. J. Sci. Instr., Nov., 
1953, p. 399. 


Machine Elements 


Cam Curvature. III—Oscillating 
Roller Follower, Flat-Faced Follower and 
Reciprocating Roller Follower with Recip- 
rocating Cam. A.R.Holowenko and A. S. 
Hall. Mach. Des., Nov., 1953, p. 148. 

Simplicity of Worm Gearing. W. A. 
Tuplin. The Engr., Nov. 13, 1958, p 
622. Design factors. 

Power Screws; Their Design and Ap- 
plication. George E. Hieber. Mach. 
Des., Nov., 1953, p. 128. Friction, wear, 
lubrication, and other factors. 

Properties of Preloaded Steel Bolts. 
W. C. Stewart. Prod. Eng., Nov., 1953, 
p. 191. 12 refs. Analysis of tension, 
fatigue, and other factors. 

Design Charts for Rectangular Wire 
Helical Springs. Victor Tatarinov. Prod. 
Eng., Nov., 1953, p. 207. 

Designing Springs. IlI—-Torsion 
Springs. Stanley L. Albright. ach. 
Des., 1958, Nov., 1953, p. 172. Selection, 
simplification, and cost factors. 


Rotating Discs & Shafts 


Calcolo delle Sollecitazioni Centrifughe 
di Dischi Conici e a Spessore Costante 
con Peso Specifico Variabile Lungo il Rag- 
gio (Calculus of Centrifugal Stresses in 
Conic-Shaped Discs and in Constant 
Thickness Discs with Specific Weight 
Variable with Radius). Piero Botto. L’- 
Aerotecnica (Rome), Aug., 1953, p. 291. 
In Italian. 

Some Preliminary Model Experiments 
on the Whirling of Shafts. E. Downham. 
Gt. Brit., ARC R&M 2768 (June, 1950), 
1953. 20pp. BIS, New York. $1.25. 
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Torsional Deflection. W. H. Mann. 
Mach. Des., Nov., 1958. Graphical 
method todetermine angle of twist of shafts 
of variable cross sections. 


Materials 


Dislocations, Plastic Flow and Creep. 
(Bakerian Lecture.) N. F. Mott. Proc. 
Royal Soc. (London), Ser. A, Oct. 22, 1953, 
p. 1. 73 refs. Plastic deformation of 
crystalline solids in terms of the movement 
of dislocations. 


Corrosion & Protective Coatings 


Corrosion—What It Is and Methods 
Used in Its Prevention. T. C. E. Tring- 
ham. J. SLAE, Oct., 1953, p. 3. 

These Tests Show Excellent Properties 
of HAE Finish for Magnesium. R. G. 
Gillespie. Materials & Methods, Nov., 
1953, p. 104. An electrolytically applied 
ceramic coating. 

Three Accelerated Corrosion Tests for 
Materials and Finishes. Sam Tour. 
Materials & Methods, Nov., 1958, p. 110. 
Evaluation of alternate condensation, 
wear corrosion, and aerated sea water 
testing. 


Metals & Alloys 


Biaxial Fatigue Properties of Pressure 
Vessel Steels. C. E. Bowman and T. J. 


Dolan. Welding J. Res. Suppl., Nov., 
1953, p. 529-s. 
Determination of Zirconium in Alu- 


minum Alloys Using p-Bromo- or p- 
Chloromandelic Acid. Roland A. Pa- 
pucci, Diane M. Fleishman, and Joseph J. 
Klingenberg. Anal. Chem., Nov., 1958, 
p. 1758. 

Effects of Alternating Strain on the 
Structure of a Metal. W. A. Wood. 
Proc. Royal Soc. (London), Ser. A, Nov. 
10, 1953, p. 255. ARL and U. of Mel- 
bourne research studies on fatigue. 

High Purity Metals. Daniel J. May- 
kuth. Prod. Eng., Nov., 1953, p. 186. 
Evaluation of properties of zinc, alu- 
minum, molybdenum, iron, chromium, ti- 
tanium, zirconium, and other metals. 

Metallurgy. I—Work of the Metal- 
lurgy Division. M. L. Becker. II—Fa- 
tigue Properties of Steels. J. Clayton- 
Cave and E. Ineson. III—Researches on 
Pure Metals; Strain Ageing, and Per- 
meability of Silicon Iron Sheet. G. M. 
Leak, A. M. Sage, and E. Ineson. IV— 
Steelworks Analysis; Work of the Ana- 
lytical Section. J. O. Lay and K. Speight. 
Metal Treatment, Nov., 1958, pp. 551, 
553, 557, 560. 

The Surface Free Energy of a Metal. 
I—Normal State. II—Superconducting 
State. R. Stratton. Philos. Mag., Nov., 
1953, pp. 1236, 1247. 14 refs. 


Nonmetallic Materials 


The Connecting of Pipes and Tubes with 
‘Araldite’; A Description of the Mitchell 
System. Aero Res. TN Bul. 129, Sept., 
1953. 4pp. Properties and applications 
of the thermosetting plastic adhesive. 

The Maker Tells How; Plastics Know- 
How— A Guide To the Current Plastics 
Literature. III. Jesse H. Day. SPE 
J., Nov., 1953, p.11. 23 refs. 
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Melamine-Formaldehyde Molded Plas- 
tics. (Materials Engineering File Facts 
No. 264.) Waterials & Methods, Nov., 
1953, p. 189. Physical, mechanical, elec- 
trical, fabricating, and other properties; 
applications. 

New Phenolic-Glass Laminates for 
Elevated Temperatures. John B. Camp- 
bell. -Waterials & Methods, Nov., 1953, p. 
87. Properties; advantages and limita- 
tions; fabrication processes; applications. 

Polyesters in Aircraft; Their Properties, 
and Some Applications. K. A. Clark. 
Flight, Nov. 27, 1953, p. 707. 

Polymethyl Methacrylate (Perspex 
type) Plastics; Crazing, Thermal and 
Mechanical Properties. H. Warburton 
Hall and E. W. Russell. Gt. Brit., ARC 
R&M 2764 (Oct., 1949), 1953. 27 pp. 
13 refs. BIS, New York. $1.70. 

Stress Crazing of Plastics. J. A. Sauer 
and C. C. Hsiao. SPE J., Nov., 1953. 
11 refs. Includes investigation into the 
rate of propagation of crazing and design 
implications. 

Study of Degradation of Polystyrene, 
Using Ultraviolet Spectrophotometry. 
Mary Jane Reiney, Max Tryon, and B. G. 
Achhammer. (Res. Paper 2445.) U.S., 
NBS J. Res., Sept., 19538, p. 155. 18 refs. 

A Symposium on Vinyl Compounding. 
I. J.C. Richards, Moderator, and others. 
SPE J., Nov., 1953, p. 20. Abridged. 
Discussion on mixing, molding, compound- 
ing, and extrusion techniques and prob- 
lems. 


Testing 


Application of Silver Chloride in In- 
vestigations of Elasto-Plastic States of 


Stress. L. E. Goodman and J. G. Suther- 
land. U.S., NACA TN 3043, Nov., 
1953. S5pp. 22 refs. 


Sur les Méthodes Rapides de Déter- 
mination de la Limite de Fatigue des 
Métaux et Alliages. G. Vidal. La Re- 
cherche Aéronautique, July-Aug., 1953, p. 
49. 17refs. In French. (Also, abridged 
in English, in Eng. Dig., Nov., 1953, p. 
433.) Survey of rapid fatigue test meth- 
ods for metals and alloys. 

Tensile and Tensile-Fatigue Properties 
of Transparent Enclosure Attachments for 
Aircraft. Raymond D. Liggett, Elber 
Latham, and J. G. Stansbury. USAF 
WA DC TR 53-106, Apr., 19538. 55 pp. 

Strength in Tension. Robert L. Sted- 
feld. Mach. Des., Nov., 1958, p. 161. 
Stress-strain and tensile strength analysis 
in terms of design requirements in the use 
of various engineering materials. 

The Use of Radioactive Isotopes in 


Metallurgy. R. Shuttleworth. Brit. J. 
Appl. Phys., Nov., 1958, p. 326. 25 refs. 


For radiographic analysis and for gaging 
of thicknesses of foils and coatings on base 
metals. 


Mathematics 


The Eigenvalues of V?u + Au = O 
When the Boundary Conditions are Given 
on Semi-Infinite Domains. D. S. Jones. 
Proc. Cambridge Philos. Soc., Oct., 1958, p. 
668. 13 refs. 

Einige Anwendungen funktionalanaly- 
tischer Methoden in der praktischen Anal- 
ysis; Zusammenfassender Bericht. 
Lother Collatz. ZAMP, Sept. 15, 1953, p. 
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Rings 

for jet 
engines 
by 
Cleve-Weld 


An ever-increasing number of stainless steel and high- 
temperature lalloy rings for America’s jet engines are being 
produced by the Cleve-Weld Process. Use of Air Force- 
approved welding, heat-treating and machining equipment 
permits these rings to meet exacting physical and metallur- 
gical tolerances. 

That Cleve-Weld should be playing an important part 
in the production of welded rings for turbo-jet engines is not 
surprising. Certainly its nearly half-a-century of experience 
in the metallurgy and techniques of shaping and welding 
circular steel parts for many purposes uniquely fit it for such 
a role! 

A 28-page illustrated brochure has just been prepared 
to provide prospective customers with a comprehensive pic- 


1954 


— 


The largest quench press of its kind 
prevents distortion during heat-treating 
and assures uniform structure of 
Cleve-Weld jet rings. 


The widely used General Electric J47 jet engine contains rings supplied by Cleve-Weld. 


ture of the engineering and production facilities which are 
here to serve their needs. All design, production and procure- 
ment executives concerned with jet engines are invited to 
send for a free copy. Write THE CLEVELAND WELDING 
COMPANY, West 117th Street & Berea Road, Cleveland 7, 
Ohio. (A subsidiary of American Machine & Foundry Com- 
pany, New York) 


products are better... by design 


Ihe CLEVE-WE 


for better jet 


Proce: 


engine rings 
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AVILA 


ALL-STAINLESS 
FLEXIBLE 


TUBING ASSEMBLIES 


CHOSEN 


FOR 
USE IN 


FIRE 
EXTINGUISHER 
SYSTEMS 


with 
CBM and CF3BR 
AGENTS 


AVICA corrosion resistant Stain- 
less Steel tubing and Stainless 
Steel fittings have withstood the 
2000° Fahr. flame test for ten 
minutes without failure and are 


suitable for use with all chemical 


extinguishing a ode 


Our Engineers are at your service. 


Please wire or phone. 


AVILA CORPORATION 


P.O. BOX 1090 
PORTSMOUTH, RHODE ISLAND 
TEL. PORTSMOUTH 479 


AERONAUTICAL REVIEWS 


327. 26refs. In German. Formulation 
of the basic theorem of iteration methods, 
with a resulting uniform existence and 
error estimation theory for ordinary and 
partial differential equations. 

An Expansion Method for Parabolic 
Partial Differential Equations. J. W. 
Green. (Res. Paper 2441.) U.S., NBS J. 
Res., Sept., 1953, p. 127 

Methods Used _by NACA for Date Re- 
duction. (Les Méthodes Utilisées par le 
NACA pour la Reduction des Données.) 


Ira H. Abbott. NATO AGARD Memo. 
AG3/M2, 1952. 17 pp. In English and 
French. 


Modified Propagation Functions in 
Perturbation Theory. Abdus Salam. 
Proc. Cambridge Philos. Soc., Oct., 1958, p. 
638. 

A New Integration Procedure. M. 
Lotkin. J. Math. & Phys., July-Oct., 
1953, p. 171. Extension of the range of 
applicability of an Euler-Maclaurin type 
of procedure. 

Note on S. N. Lin’s Method of Factoring 
Polynomials. F. B. Hildebrand. J. 
Math. & Phys., July-Oct., 1958, p. 164. 

On Approximate Solutions of Linear 
Differential Equations. Harold Jeffreys. 
Proc. Cambridge Philos. Soc., Oct., 1958, p. 
601. 16 refs. 

On the Evaluation of the Confluent 
Hypergeometric Function. L. J. Slater. 
Proc. Cambridge Philos. Soc., Oct., 1953, p. 
612. 12 refs. 

Radix Table for Obtaining Hyperbolic 
and Inverse Hyperbolic Functions to 
Many Places. Herbert E. Salzer. J 
Math. & Phys., July-Oct., 19538, p. 197. 

A Tauberian Theorem for Integral 


Functions. R. P. Boas, Jr. Proc. Cam- 
bridge Philos. Soc., Oct., 1953, p. 728. 10 
refs. 


The Vector Method of Solving Simul- 
taneous Linear Equations. Everett W. 
Purcell. J. Math. & Phys., July-Oct., 
1953, p. 180. 


Meteorology 


Electronic Computation of the Field of 
Atmospheric Development. F.H. Bushby 
and M. K. Hinds. Meteorological Mag., 
Nov., 1953, p. 380. Method for synoptic 
analysis and forecasting. 

A Generalized Study of Precipitation 
Forecasting. II—A Graphical Computa- 
tion of Precipitation. P.M. Kuhn. U.S., 
Weather Bur. Mo. Weather Rev., Aug., 
1953, p. 222. 

Geomagnetic and Ionospheric Relation- 


ships. R. P. Waldo Lewis and D. H. Mc- 
Intosh. J. Atmos. & Terrestrial Phys., 
Sept., 1953, p. 44. 


A Method for Applying Tilted-Trough 
Theory to Synoptic Forecasting in the Mid- 
Troposphere. Vincent J. Oliver and Mil- 
dred B. Oliver. Bul. AMS., Oct., 1953, p. 
368. 14 refs. 

Operational Weather Problems. 
Christenson, Moderator, and others. 
ways, Dec., 1953, p. 18. 
Round Table discussion. 

Some Relationships Between Weather 
and Air Safety. Jerome Lederer. Bul. 
AMS., Oct., 1953, p. 339. Effects of 
frost, snow, ice, rain, slush, fog, tempera- 
ture inversion, lightning, gusts and tur- 
bulence, and wind on safety. 


C. M. 
Sky- 
Flight Operations 


10] 


‘Are you 


“counting” 
— out? 


PROCESSING 


puts FACTS at your fingertips! 


If your problem can be reduced to re- 
corded data, you can forget that “midnight 
oil.” For Land-Air’s electronic “‘thinking 
machines” —guided and monitored by 
the foremost engineers and technicians 
in the country—can solve your prob- 
lem quickly —economically. We sell 
service—not equipment...and our work 
starts at your location. Write, or... 


LAN 


General Offices: 201 North Wells St., Chicago 10, Illinois 
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A Suggested Technique for Quantita- 
tive Precipitation Forecasting. Jerome 
Spar. U.S., Weather Bur. Mo. Weather 
Rev., Aug., 1953, p. 217. 

Uber die Bedeutung einer weichen 
Rontgenstrahlung der Sonnenkorona fiir 
die Bildung der normalen ionospharischen 
E-Schicht. (The Effect of Soft X-rays 
from the Solar Corona on the Formation 
of the Normal Ionospheric E-layer.) 
Gerhard Elwert. J. Atmos. & Terrestrial 
Phys., Sept. 1953, p. 68. 26 refs. In 
German. 

The Use of Clouds for Locating the Jet 
Stream. Vincent J. Schaefer. The Aero- 
plane, Oct. 30, 1953, p. 599. 

Winds in the lIonospheric Regions. 
S. Deb. J. Atmos. @ Terrestrial Phys., 
Sept., 1953, p. 28. 33 refs. Upper air 
research at the Calcutta Inst. of Radio- 
Physics and Electronics. 

World-Wide Diurnal Variations in the 
F, Region. C. W. Allen. J. Atmos. © 
Terrestrial Phys., Sept., 1953, p. 53. 


Missiles 


Guided Missiles; Comments on Sur- 
face-Based Antiaircraft Missiles. Henry 
H. Porter. Antiaircraft J., Nov.—Dec., 
1953, p. 5. Propulsion systems; design, 
cost, and other factors. 

Long-Range Applications of Rocket 
Power. D. L. Putt. (Address, ARS 
Meeting, New York, Dec. 3, 1958.) USAF 
ARDC 113-53. 13 pp. Survey of guided- 
missile and other rocket research and 
developments, with future implications. 

Minimal Rocket Trajectories. D. F. 
Lawden. J. ARS., Nov.-Dec., 1953, p. 
360. Analysis of the problem of the navi- 
gation of a rocket vehicle between two 
fixed terminals in space to minimize the 
fuel expenditure, taking into account the 
variable gravitational field in space and 
time. 

II Rendimento di Propulsione del 
Razzo (The Propulsion Efficiency of |the] 
Rocket). Ennio Mattioli. L'Aerotecnica 
(Rome), Aug., 1953, p. 270. -In Italian. 
Proposed new definition. 

Research Review. Joseph Black. Aero- 
nautics, Nov., 1953, p. 26. Survey of cur- 
rent investigations on unpiloted bodies. 

Rockets for Peace and War. I/nteravia, 
No. 11, 1953, p. 627. Partial contents: 
A Few Comments on Rocketry, Theodore 
von Karman. America’s Growing Rocket 
Industry, A. L. Antonio. The Aerobee 
Research Rocket, A. L. Antonio. Within 
the Shadow of Russian Missiles, Kenneth 
W. Gatland. The Control of Pilotless 
Aircraft, Marcel Gianoli. The Electronic- 
Optical Tracking System, G. Weber. 
Launching System for Self-Propelled Mis- 
siles, Wolfgang Pilz. 

Take-Off from Satellite Orbits. Krafft 
A. Ehricke. J. ARS, Nov.-Dec., 1953, p. 
372. 

V-2 Rocket in Upper Atmosphere Re- 
search. Charles F. Green. Aero Dig., 
Nov., 1953, p. 20. Survey of missiles in- 
vestigations. 


Navigation 


The Genesis of the E.A.N.T.s. I—The 
E.A.N.T.s. II—The Basic Principles. III 
—Application. E.W. Anderson and D.H. 


AERONAUTICAL ENGINEERING REVIEW—FEBRUARY, 


Sadler. J. Inst. Navigation, Oct., 1953, p. 
333. 23 refs. Development of the Experi- 
mental Astronomical Navigation Tables; 
assessment of value 

A New Aeronautical Plotting Chart. 
T. Freer. J. Inst. Navigation, Oct., 1953, 
p. 358. Idealized chart for high-speed 
navigation which requires the minimum of 
cross references to other sources of infor- 
mation. 


Noise Reduction 


The Noise from Aircraft Travelling with 
Velocities Greater than that of Sound. A. 
G. Walters. J. RAeS, Nov., 1958, p. 719. 


Parachutes 


Experiments on Rigid Parachute 
Models. R. Jones. Gt. Brit., ARC R@M 
2520 (Nov. 19, 1943), 1953. 21 pp. BIS, 
New York. $1.40. Analysis of the effect 
of porosity on the stability of a parachute. 

On the Motion of Parachutes With or 
Without Vent. S. K. Banerji. J. Aero. 
Soc. India, Aug., 1953, p. 51. 14 refs. 
Aerodynamic, production standardization, 
and other factors. 


Physics 


Superconductivity at Very High Pres- 
sures. P. F. Chester and G. O. Jones. 
Philos. Mag., Nov., 1953, p. 1281. 26 
refs. Studies with pressures up to 44,000 
atm. 


Power Plants 
Jet & Turbine 


Applications of the Small Gas Turbine. 
F.R. Bell. The Engr., Nov. 18, 1953, p. 
627. Abridged. Design characteristics 
of turbines of 30-400 hp 

Compressor Testing at Ansty. Zhe 
Aeroplane, Nov. 13, 1953, p. 658. De- 
tailed description of the compressor and 
turbine test station of Armstrong Siddeley 
Motors, Ltd., with charts and drawings. 

Design Features of G-E J47 Turbojet. 
R. E. Small. Av. Age, Dec., 1953, p. 56, 
cutaway drawing. 

Fairchild’s Revolutionary Engine (J44); 
Design for Turbojet Simplicity. A. L. 
Ervin. Av. Age, Dec., 1953, p. 28. 

Method for Measuring Thrust in Flight 
on Afterburner-Equipped Airplanes. L. 
Stewart Rolls and C. Dewey Havill. 
Aero. Eng. Rev., Jan., 1954, p. 45. 

Pod Mounting of Jet Engines. George 
S. Schairer. Fourth RAeS-IAS Anglo- 
Amer. Aero. Conf., London, Sept. 15-17, 
1953, Proc., p. 29. Evaluation of basic 
problems; aerodynamic, engine, and struc- 
tural performance, stability and control, 
maintenance, safety, and other factors. 

Sul Motore Composito (On the Com- 
pound Engine). Corrado Casci. L’ 
Aerotecnica (Rome), Aug., 1953, p. 263. 
In Italian. Analysis of the utilization of 
exhaust gases; comparative performance 
between the Otto and diesel cycles. 

Tests on an Axial Compressor with 
Various Stator Blade Staggers. R. A. 
Jeffs, E. L. Hartley, and P. Rooker. Gt. 
Brit., ARC CP 132 (Sept., 1950), 1953. 
18 pp. BIS, New York. $0.75 


Two-Spool Turbo-Wasp; Characteris- 
tics of the Pratt and Whitney J57. Flight, 


Nov. 27, 1953, p. 697, cutaway drawing 


Ram-Jet & Pulse-Jet 


Evaporation and Spreading of Isooctane 
Sprays in High-Velocity Air Streams. 
Donald W. Bahr. U.S.. NACA RM 
E53114, Nov. 16, 1953. 35 pp. Experi- 
mental investigation of the effect of com- 
bustor-inlet conditions in ram-jet engines 
on the evaporation and spreading of 
a gasoline-type fuel injected contrastream 
from a simple orifice. 


Rocket 


Determination of Thrust Alignment in 
Rocket Engines. W. L. Rogers. J. 
ARS, Nov.-Dec., 1958, p. 355. Testing 
program at Aerojet-General Corp.; pro- 
cedures and design of apparatus. 


Production 


Aeronautical Activity in Holland. J 
Van Hattum. The Aeroplane, Nov. 6, 
1953, p. 6388. Survey of Fokker planning 
and production activities. 


Metalworking 


Mechanical Working. I—Co-operative 
Research in Metal Working; New Plant 
Laboratory to Aid Investigations. W. C. 
F. Hessenberg. II—Roll Force Measure- 
ment and Automatic Gauge Control. 
W. C. F. Hessenberg. III—The Study 
of High-Speed Wire Drawing; Problems 
of Heat and Lubrication. J. G. Wistreich 
IV—Some Aspects of Theoretical Plasti- 
city. A. P. Green. V—Forging Re- 
search; Use of Plasticine Models. P.M 
Cook. VI—Roll Design; Work of the 
Roll Design Conference. D. A. Winton 
Metal Treatment, Nov., 19538, pp. 525, 
527, 530, 534, 541, 549. 31 refs. 

Adhesive Bonding Properties of Various 
Metals As Affected by Chemical and An- 
odizing Treatments of the Surfaces. H 
W. Eickner. U.S., Forest Prod. Lab. Rep 
1842, June, 1953. 25 pp. 

The Shear, Fatigue, Bend, Impact, and 
Long-Time-Load Strength Properties of 
Structural Metal-to-Metal Adhesives in 
Bonds to 24S-T3 Aluminum Alloy. H 
W. Eickner. U.S., Forest Prod. Lab 
Rep. 1836, June, 1953. 87 pp. 

Structural Adhesives for Metal Aircraft. 
N. A. de Bruyne. Fourth RAeS-IAS 
Anglo-Amer. Aero. Conf., London, Sept 
15-17, 1953, Proc., p. 47. (Also abridged 
in Aero Res. TN Bul. 130, Oct., 19538. 8 
pp.) 166 refs. Comparative analysis of 
the relative merits of adhesive bonding 
versus riveting; applications and testing 
procedures. 

Instrumentation For Surface Finishing 
of Jet Engine Parts. R. J. Thomas 
Steel Processing, Nov., 1958, p. 591. 

Materials & Methods Manual No. 99: 
Selecting Metal Cleaning Methods. John 
B. Campbell. Materials & Methods, Nov., 
1953, p. 119. Comparison of methods 
based on optimum criteria for particular 
applications; design factors. 

Magnesium Forming. II—Hot Drop 
Hammer Forming and Sheet Stretching. 
Frances L. Coenen. Tool Engr., Dec., 
1953, p. 62. 
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nstruments 


Weston Model 1151 
COURSE INDICATOR 
— a combination Cross 
Pointer — Course Selector — 
Pictorial Heading—Ambigu- 
ity and Deviation Indicator. 
234” dial opening. 
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Navigation instruments 


Engine instruments 
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growth 


Due to our long experience, the demand for our engi- 
neering services in designing new precision devices 
and systems has increased tremendously. Our activities 
now embrace the four distinct yet allied fields of 


AIRCRAFT INSTRUMENTS AND CONTROLS 
OPTICAL PARTS AND DEVICES 
MINIATURE AC MOTORS 

RADIO COMMUNICATIONS AND 
NAVIGATION EQUIPMENT 


Current production is largely destined for our defense 
forces; but our research facilities, our skills and tal- 
ents, are available to scientists seeking solutions to 
instrumentation and control problems. 


KOI |S MAM cov. 


ELMHURST, NEW YORK « GLENDALE, CALIFORNIA ¢ SUBSIDIARY OF Standard COIL PRODUCTS CO., INC. 


WARY, 1954 


Symposium on Heavy Presses for 
Light-Metal Forgings and Extrusions. 
I—Introduction. J. Carlton Ward, 
II—-Requirements for Large Light-Metal 
Forgings and Extrusions in the Aircraft 
Industry. G. W. Papen. III —Design 
and Construction of Large Forging and 
Extrusion Presses for Light Metals. 
M. D. Stone. IV—Metallurgy and Pro- 
duction of Suitable Aluminum-Alloy In- 
gots for Large Forgings and Extrusions. 
T. L. Fritzlen. V—Large-Forging-Press 
Operations and Production Problems. 
G. W. Motherwell, J. R. Douslin, and A 
L. Rustay. VI—Large-Extrusion-Press 
Operation and Production Problems. 
T. F. McCormick. Trans. ASME, Nov., 
1953, pp. 1481, 1483, 1493, 1513, 1519, 
1525; Discussion, p. 1534. 65 refs. 

The Brazing of Titanium. N. A 
DeCecco and John M. Parks.  Weldi) 
J., Nov., 1953, p. 1071. Evaluation of 
brazing metals and methods; develo 
ment of fluxes; study of recrystallization 
welding. 

How to Control Carbide Precipitation in 
Welding Stainless Steels. G. E. Linnert 
and R. M. Larrimore, Jr. Material 
Vethods, Nov., 1958, p. 98. 

Some Recent Advances in the Welding 
of Molybdenum. W. H. Kearns, H. B 
Goodwin, E. Eichen, and D. C. Martin 
Welding J., Nov., 1953, p. 1082. 23 refs 

Spot Welding of Titanium-Carbon Al- 
loys. E. F. Holt, F. H. Vandenburgh, 
and N. L. McClymonds. Welding 
Nov., 1953, p. 1057. Investigation of 
surface preparation, physical properties, 
and welding conditions, 


Production Engineering 


Basic Pre-Requisites for Production. 
R. A. Neale. Fourth RAeS-IAS Ang 
Amer. Aero. Conf., London, Sept. 15-17, 
1953, Proc., p. 225. Canadair Ltd. ex 
perience on the F-86 Sabre fighters and 
the T-33 and T-36 trainers, covering 
“plans, plant, policy, and people."’ 

Dimensions Required for Inspection. 
Albert C. Parks. J. RAeS, Nov., 1953, | 
725. Gaging, functional, manufacturing 
and other factors 

Simplicity—-Key to Producibility. E.A 
Green. Mach. Des., Nov., 1953, p. 112 
Functional structural design related to 
cost and other factors; Lockheed Aircraft 
Corp. experience. 


Propellers 


Circulation Distributions on &“Induced 
Efficiencies of Propellers with Three, 
Four & Infinite Number of Blades. G 
Janaki Ram and Y. V. G. Acharya 
Aero. Soc. India, Aug., 1953, p. 62 


Rotating Wing Aircraft 


Design Features of the XH-26 ‘Jet 
Jeep’’ Helicopter. Howard E. Robert: 
lero Eng Rei , Jan P 1954, p. 37 

Dynamic Longitudinal Stability Meas 
urements on a Single-rotor Helicopte: 
(Hoverfly MK. I). W. Stewart. Ap- 
pendix On the Theoretical Estimation of 
the Stability. G. J. Sissingh. Gt. Brit 
1RC R@M 2505 (Feb., 1948), 1953. 24 
pp. BIS, New York. $1.50 
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Effect of a Rapid Blade-Pitch Increase 
on the Thrust and Induced-Velocity Re- 
sponse of a Full-Scale Helicopter Rotor. 
Paul J. Carpenter and Bernard Fridovich. 
U.S. NACA TN 3044, Nov., 1953. 26 
pp. 

Helicopters from One Indendent Stand- 
point. BryanGreensted. The Acroplane, 
Nov. 13, 1958, p. 664. Future trends, 
problems, and transport potentialities 

A Method of Estimating Helicopter 
Performance; The Calculation of an 
Estimated Performance at the Project 
Stage. P. R. Payne. -lircraft Eng, 
Nov., 1953, p. 344 

Power Plants for Rotary Wing Aircraft. 
A. Graham Forsyth Fourth RAeS-IAS 
Anglo- Amer. Aero. Cont., London, Sept 
15-17, 1953, p. 325. Suggested revision 
of engine and turbine test conditions for 
helicopters; evaluation of different engine 
installations 


Recent Helicopter Flight Testing Ex- 


perience. John A. Cameron. Am. [eli 
copter, Nov., 1958, Includes fae 
tors of speed, accelerations, comfort, 


piloting case, noise level, and vibrations 

Some Factors Affecting Helicopter De- 
sign and Future Operations. R. H 
Miller. Fourth RAcS-TAS Anglo-Amer 
Aero. Conf., London, Sept. 15-17, 1953, 
19 refs Includes an eval 
uation of rotor propulsion as a function of 
range and weight reduction, with relative 
limitations and advantages 

Wind-Tunnel Tests on a 12-ft Diameter 
Helicopter Rotor. H 8. Squire, R. A 
Fail, and R. C. W. Eyre. Gt. Brit., ARC 


D 
Proc., p. 168 


R@M 2695 (Apr., 1949), 1953. 19 pp 
BIS, New York. $1 40 
Safety 


The Maintenance of Aircraft Fuselage 
Fire Protection Equipment. I. R. W 
J. Cockram. J. SLAE, Oct., 19538, p. 12 

RCAF Para-Rescue Organization. | 
R. W. Wynne. J. Av. Med., Oct., 1953, 
p. 449 

Survival Considerations for High-Alti- 
tude Transports. R W. Rummel. Sky 

ays, Dec., 1958, p 14. Structural de 
sign factors 


Space Travel 


Fabrication of the Orbital Vehicle. 
Kk. W. Gatland, A. M. Kunesch, and A. E 
Dixon. J. Brit. Interplanetary Soc., Nov., 
1953, p. 274 

Military and Civilian Rocket Research. 
Kric Burgess. The Engr., Nov. 6, 1953, 
p. 581. Research emphasis on the es 
tablishment of an artificial earth satellite, 
ind a proposal to extend the scope of cur 
rent activities 

A Realistic Approach to Space Flight. 
Burgess. Aircraft (Australia), Oct., 
1958, p. 80. Aerodynamic and astronau 
tical problems of a typical limiting mission, 
with proposals for the development of 
1tomic-powered rockets 

Solar Space. II--The Probability of 
Planets In Solar Space. Wayne Procell 
1. Space Flight, Nov., 1958, p. 1 

Some Limiting Factors of Chemical 
Rocket Motors. W. N. Neat. J. Brit 
Interplanetary Soc., Nov., 1958, p. 249 

refs. Investigation of the effects of 


AERONAUTICAL REVIEWS 


Recent technical advances at 
HUGHES have created new openings 
with exceptional opportunities 
for full use of technical judgment 


and inventive ability. 
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~ 


With extensive background for assuming 
responsibility for development of automatic guid- 
ance systems utilizing radar, infrared or sonar. 


With experience in supersonic aerodynamics 
and the ability to evaluate the performance and sta- 
bility of supersonic aircraft. 


With experience in design of hydrodynamic 
features of underwater weapons and the ability to 
evaluate the performance stability of such missiles. 


ALL REPLIES HELD IN STRICT CONFIDENCE 


HUghes 


11940 BLVD.. CULVER CITY, CALIFORNIA 
~ 


~ 


If you meet the above qualifications, and 
wish to locate in Southern California, you are in- 
vited to write for further information regarding these 
positions. Include your resume, and a telephone 
number where you may be reached for an interview. 


SALARY COMMENSURATE WITH QUALIFICATIONS 
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varying propellant choice, combustion 
chamber pressure, nozzle expansion ratio, 
and other problems in terms of space travel 
requirements. 


Structures 


' Bending Moments in Fuselage Frames 


Obtained by the Photoelastic Method. 
P. P. Benham. J. RAeS, Nov., 1953, p. 
667. Experimental investigation to de- 
termine usefulness of photoelasticity as an 
analytic technique. 

Elasticity of a Sheet Reinforced by 
Stringers and Skew Ribs, with Applica- 
tions to Swept Wings. E. H. Mansfield. 
Gt. Brit., ARC R&M 2758 (Dec., 1949), 
1953. 27 pp. BIS, New York. $1.70. 

Experimental Stress Analysis. R. H. 
Trathen. Appl. Mech. Rev., Dec., 1953, 
p. 537. Evaluation of various approaches 
to the solution of problems. 

Experimental Stress Analysis of Stif- 
fened Cylinders with Cutouts; Pure 
Torsion. Floyd R. Schlechte and Rich- 
ard Rosecrans. U.S., NACA TN 3039, 
Nov., 1953. 41 pp. 

Influence of Primary Creep on Stresses 
in Structural Parts. Folke K. G. Odqvist. 
(Stockholm, KTH Handlingar, Nr. 66, 
1953.) Acta Polytechnica (Stockholm), 
Mech. Eng. Ser., No. 9 (125), 1953. 16 
pp. 12refs. (Alsoabridged in Engr. Dig., 
Dec., 1953, p. 474.) 

Some Observations on the Problem of 
Fatigue of Aeroplane Structures. Richard 
V. Rhode. Fourth RAeS-IAS_ Anglo- 


Amer. Aero. Conf., London, Sept. 15-17, 


used by the 
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UNITED MANUFACTURING CO. 
Div. UNITED ADVERTISING CORP. 
HAMDEN 14 


@ AIRFRAME MFR’S 
@ MAJOR AIRLINES 
@ COMPONENTS MFR’S 


Electrical Components on aircroft, portable 

power units, ordnance vehicles and guided 
missiles are being tested rapidly ond 
accurately with United Test Equipment. 


Write us your requirements. We 
specialize in custom design and 
manufacture. 


CONNECTICUT . 
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1953, Proc., p. 241 
to the problem. 
Stresses in a Two-Bay Noncircular 


Analytic approach 


Cylinder Under Transverse’ Loads. 
George E. Griffith U.S., NACA TN 
2512, 1951.) U.S., NACA Rep. 1097, 
1952. 12 pp. 11 refs. Supt. of Doc., 
Wash. $0.15. 


Structural Aspects of Swept - Back 
Wings; An Account of Research Work in 
Sweden, with Particular Reference to 
Model Tests. B. R. Noton. Aircraft 
Eng., Nov., 1953, p. 330. 21 refs. In- 
cludes detailed charts and diagrams. 


Structures for High Speed Aircraft. 
H. L. Hibbard and J. F. McBrearty 
Fourth RAeS-IAS Anglo-Amer. Aero 
Conf., London, Sept. 15-17, 1953, Proc., p 
1. 12refs. Survey of problems covering 
fatigue, effects of nuclear power plants, 
structural rigidity, fabrication techniques, 
testing methods, high-temperature ma 
terials, and other factors 


Beams & Columns 


A Note on Partially Fixed Beam Col- 
umns. C.V. Joga Raoand J. V. Rattayya 
J. Indian Inst. Sci., Sect. B, Oct., 1953, p 
187. 

Stresses in Built-up Beams Due to an 
Abrupt Change in Shear Stress at a Load- 
ing Section. J. Taylor. Gt. Brit., ARC 
R&M 2775 (Aug., 1949), 1953. 18 pp 
BIS, New York. $1.25 

Transition Temperatures of Structural 
Steel Beams with Butt-Welded Splices. 
William J. Krefeld and George B. Ander 


REVIEW—FEBRUARY, 


Imperial is known in drafting rooms 
all over the world as the traditional 
quality tracing cloth. 

With the background of decades of 
experience, its makers have pioneered 
in modern improvements to maintain 
Imperial as the finest tracing cloth made. 


1954 


son. Welding J. Res. Suppl., Nov., 1953, 
p. 538-s. ONR-sponsored research; anal 
ysis of the nature of fractures, strain 
rates, properties of materials, and of thx 
results of static, impact, and other tests 
fabrication techniques. 


Elasticity & Plasticity 


Bounds for Solutions of Boundary Value 
Problems in Elasticity. K. Washizu 
J. Math. & Phys., July—Oct.. 1953, p. 117 
16 refs. Geometrical representation” in 
function space, using the Diaz-Greenberg 
method, of unified formulas for bounds of 
solutions of two- and three-dimensional 
elasticity problems, including bending of 
plates and torsion of bars. 


A Geometrical Discussion of the Slip 
Line Field in Plane Plastic Flow. William 
Prager. (Stockholm, KTH Handlingar, 
Nr. 65, 1953.) Acta Polytechnica (Stock 
holm), Phys. @ Appl. Math. Ser., No. 6 
(123), 19538. 25 pp. 11 refs. 


On a Variational Theorem for Finite 
Elastic Deformations. Eric Reissner. 
Math. & Phys., July—Oct., 1953, p. 129 
ONR-sponsored investigation at MIT. 


Plates 


The Buckling in Compression of Panels 
with Square Top-Hat Section Stringers. 
W.S. Hemp and K. H. Griffin. Gt. Brit., 
ARC R&M 2635 (June, 1949), 1953. 14 
pp. BIS, New York. $1.00. 


Investigation of Skin Buckling. D. | 
Gt. Brit., ARC R&M 2652 (Oct., 
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A-c/D-C VOLTAGE 


Have you ever wished you had 

a voltmeter ready on your bench for 

any voltage measurement, a-c or d-c... 
voltmeter on which you could depend. If so, 
you need a G-R Type 1800-A Vacuum-Tube 
Voltmeter. Just consider the features and 
specijications of this popular measuring tool, 
thousands of which are in use in laboratories, 
schools and research organizations through- 


out the world. 


%* This VTVM is suited not only to accurate 
measurements at audio and radio frequencies, 
it in addition gives reliable d-c voltage indica- 
tions over a wide voltage range. 


% Voltage range — 0.1 to 150 volts, a-c in 
six ranges and 0.01 to 150 volts, d-c — the 
Type 1800-P2 High-Frequency Multiplier, at- 
tached to the probe, extends the a-c voltage 
range to 1500 volts. 


% Basic accuracy is +2% of full scale on all 
six a-c and d-c ranges — chart is supplied with 
instrument for frequency corrections on a-c 
measurements as high as 500 Mc. 


% Completely-shielded probe contains acorn- 
type diode rectifier connected by very short 
leads to the input capacitor — various termina- 
tions and fittings may be attached to probe to 
suit particular application at hand. 


% High 25-megohm input impedance — 1050 
Mc resonant frequency permits accurate meas- 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A. 
90 Weat St. NEW YORK 6 920 S. Michigan Ave. CHICAGO 5 
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Type 1800-A Vacuum-Tube Voltmeter... ... $395 
Type 1800-P2 High-Frequency Multiplier. ... $18 
Type 1800-P3 Low-Frequency Multiplier .... $35 


urements at hundreds of megacycles — on d-c 
ranges, two input resistances: 10 megohms and 
open grid. 

% Current and power measurements also can 
be made with the 50-ohm termination-unit 
(supplied) attached to the VTVM probe. 


%& Low-frequency response is excellent — 
with the Type 1800-P3 Low-Frequency Multi- 
plier, range is extended to 1500 volts for d-c 
and audio frequencies. 


% Instrument calibration is substantially in- 
dependent of tube characteristics. 

%& One zero control for all ranges — resetting 
not required when switching from one range to 
other. 


1000 N. Seward St. LOS ANGELES 38 


% Peak values of complex waveforms can be 
measured on all but the lowest instrument 
ranges — when used with an external multi- 
plier, such as the Type 1800-P2, the r-m-s value 
of complex waveforms is measured on the low- 
est range, 


% Operation is from 105 to 125 or (210 to 
250) volts a-c, 50 to 60 cycles — internal volt- 
age regulator eliminates meter fluctuations. 


% Line connector cord, Type 274 and 874 ter- 
mination connectors, 50-ohm coaxial terminat- 
ing resistor, and spare fuses are supplied with 
instrument. 


% Dimensions are 7% x 7% x 11% inches — 
Net Weight, 13% Ibs. 


Admittance Meters Coaxial Elements Decade Capacitors 
Decade Inductors % Decade Resistors ¥x Distortion Meters 
Frequency Meters % Frequency Standards % Geiger Counters 
Impedance Bridges *x Modulation Meters *% Oscillators 
Variacs tx Light Meters % Megohmmeters % Motor Controls 
Noise Meters % Null Detectors * Precision Capacitors 


Pulse Generators % Signal Generators %x Vibration Meters %x Stroboscopes %& Wave Filters 
U-H-F Measuring Equipment *x V-T Voltmeters % Wave Analyzers *% Polariscopes 
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OTHER SANBORN 
IMPROVEMENTS 


Extended frequency response. 

Improved regulated power 
supply. 

Individual stylus temperature 
control for EACH channel. 

® Improved, single control, paper 
speed selector. Nine speeds 
— 0.25 to 100 mm/sec. 

@ Recorder slides out, if desired, 
for better view of recorded 
events, or for notations on 
record (illustrated at right). 

@ Improved control of input signals 
by use of 1, 2, 5 ratios on 
eattenuator. 


Be sure to see the 150 Series 
at BOOTHS 455-457, I.R.E. Convention, 
Kingsbridge Armory, Bronx, N. Y. 
March 22-25, 1954. 


ENGINEERING 


SANBORN 150 SERIES 


OSCILLOGRAPHIC RECORDERS 


The BASIC four- 


bly in- 
cludes: Cabinet, Re- 
corder, and, for each 
channel, a BUILT-IN 
unit (A), which com- 
prises a Driver 
Amplifier with frame, 
and a Power Supply 
with confrol panel. 


(A) 


“je 


The new Sanborn 150 Series 
offers greater operating efficiency 
and convenience, and encompasses 


REVIEW—FEBRUARY, 


A NEW 
design concept 
that brings even 


1954 


1947), 
$4.15. 
endwi 
tions 

buck. 


havio 


AS 
Conct 
Fillet 
rath 
TN 

1117, 
Doc., 


greater versatility \ ar 
to industrial 


range from 0 to 100 cycles per second. 


A wide selection of plug-in preamplifiers, or “‘front end” 
units, such as (B) above, are completely interchangeable in any or all | 
channels of the 150 Series amplifier section, where they simply plug in to 
the driver amplifier and power supply, (A) above, 


which are already in place. 


Available plug-in Preamplifiers include: AC-DC, CARRIER, 
SERVO-MONITOR, DC COUPLING, LOG-AUDIO, and LOW 
LEVEL. Blank plug-in assemblies are also available for users to make 
input circuits for special measurement problems. 

And, there are the popular Sanborn advantages: a high torque 
movement (200,000 dyne cms per cm deflection), 
direct inkless recording in true rectangular 
coordinates, and provision for code 


and time markings. 


A new catalog on Sanborn Oscillographic 
Recording Systems and their components 
will be sent gladly on request. 


OSCILLOGRAPHIC 
RECORDING 


» a variety of uses which include the accurate recording ( 
' of almost every phenomenon whose frequency spectrum lies in the 


K 
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You have a CHOICE Ae 
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1947), 1953. 62 pp. BIS, New York. 
$4.15. Tests on aluminum alloy plates in 
endwise compression, with varying condi- 
tions of edge support, to provide data on 
buckling stress post-buckling be- 
havior. 


A Study of Elastic and Plastic Stress 
Concentration Factors Due to Notches and 
Fillets in Flat Plates. Herbert F. Hard- 
rath and Lachlan Ohman. (U.S., NACA 
TN 2566, 1951.) U.S.. NACA Rep. 
1117, 1953. 10 pp. 12 refs. Supt. of 
Doc., Wash. $0.15. 


Thermodynamics 


Apparatus for the Measurement of the 
Thermal Conductivity of Solids. James 
L. Weeks and Ralph L. Seifert. Rev. Sci. 
Instr., Nov., 1953, p. 1054. 


Diagrammi Termodinamici dei Gas di 
Combustione (Thermodynamic Charts of 
the Products of Combustion). Ernesto 
Macioce. L'Aerotecnica (Rome), Aug., 
1953, p. 288. In Italian. 


Kinetics of the Combustion Wave. 
Raymond Friedman. J. ARS, Nov.- 
Dec., 1953, p. 349 Analysis of 
theoretical concepts of one-dimensional 
steady-state combustion waves, with em 
phasis on deflagration 


33 refs 


Specific Heat of Gases at the Critical 
Point. John F. Lee. ZAMP, Sept. 15, 
1953, p. 401. 18 refs 


(AIRSURANCE 


Airline Passenger Insurance 


Annual Policies 
from $5,000 to $100,000 


at new low rates 
No Physical Examination + No Age Limit 


EXAMPLE 
$25,000.00 for death or dismemberment 
$1,000.00 for Hospital and Doctor's bills 


$50.00 per week when disabled 


PREMIUM $27.50 per year 


Backed by the 
Combined Assets of 


Aetna Casualty & Surety Co 


Policies cover 
possengers on 


scheduled airlines Americon Employers’ 
Insurance Co 


American Surety Co. of N.Y 


WORLD-WIDE 


Century Indemnity Company 

The Employers’ Liability 
Assurance Corp., Ltd. 

your Hartford Accident & 

Indemnity Co 

Maryland Casualty Co. « 

Massachusetts Bonding & 
Insurance Co. 

New Amsterdam Casualty Co 

Standard Accident Insurance Co 


Write or phone 


Insurance Agent 


Trovelers [nsurance Co 
United States Casualty Co 
United States Fidelity & 
Guaranty Co. 


UNITED STATES AVIATION UNDERWRITERS 


INCORPORATED 


80 JOHN ST. NEW YORK 38, N. Y. 
ATLANTA + CHICAGO - DALLAS - KANSAS CITY 
LOS ANGELES - SAN FRANCISCO 


AERONAUTICAL REVIEWS 


Water-Borne Aircraft 


The Effect of Vertical Chine Strips on 
the Planing Characteristics of V-Shaped 
Prismatic Surfaces Having Angles of Dead 
Rise of 20° and 40°. Walter J. Kapryan 
and George M. Boyd, Jr. U.S., NACA 
TN 3052, Nov., 1953. 38 pp. 


Grumman Albatross. Aero Dig., Nov., 
1953, p. 28, cutaway drawing. Survey of 
Gruman amphibians, from 1933, with de- 
sign, structural, and performance data. 


Wind Tunnels & Research 
Facilities 


Corrections to Velocity for Wall Con- 
straint in Any 10 x 7 Rectangular Subsonic 
Wind Tunnel. J. Y. G. Evans. Gt. 
Brit., ARC R&M 2662 (April, 1949), 1953. 
42 pp. BIS, New York. $2.85. 


Development of Intermittent High- 
Speed Wind Tunnel Installations and 
Testing Techniques. J. Lukasiewicz. 
Canada, NAE LR-75, July 17, 1953. 55 
pp. 14 refs. 


The Improvement in Pressure Recovery 
in Supersonic Wind Tunnels. H. Eggink. 
Gt. Brit. ARC R&M 2703 (May, 1949), 
19538. 18 pp. BIS, New York. $1.15. 


The Langley Annular Transonic Tunnel. 
Louis W. Habel, James H. Henderson, and 
Mason F. Miller. (U.S.. NACA RM 
L8A23, 1948; RM L9G19, 1949; RM 
L50E18, 1950.) U.S., NACA Rep. 1106, 
1952. 10 pp. 11 refs. Supt. of Doc., 
Wash. $0.15. Design and development 
of the tunnel. 


The Materials Testing Laboratories. 
J. P. Bohnenblust, A. Gaudenzi, and H. 
Zschokke. Brown-Boveri Rev., Aug., 1958, 
p. 305. Instrumentation and equipment 
for chemical, physical, and mechanical- 
metallographic investigations. 


Methods Used by NACA for Date Re- 
duction. (Les Méthodes Utilisées par le 
NACA pour la Réduction des Données.) 
Ira H. Abbott. NATO AGARD Memo. 
AG3/M?2, 1952. 17 pp. In English and 
French. 


The New Fluid Dynamics and Combus- 
tion Research Laboratories. F. Ribary. 
Brown-Boveri Rev., Aug., 1953, p. 276. 
15 refs. Experimental equipment and 
apparatus for turbo-mechanical research 
and other investigations. 


Pressure Response in Supersonic Wind- 
Tunnel Pressure Instrumentation. Ar- 
nold L. Ducoffe. J. Appl. Phys., Nov., 
1953, p. 1343. Experimental research at 
the U. of Mich., with a theoretical analy- 
S1S. 


Starting Loads in Supersonic Wind Tun- 
nels. J. N. A. van den Bouwhuysen. 
Aero. Eng. Rev., Jan., 1954, p. 50. Tech- 
nique to reduce shock loads on sting- 
mounted models during wind-tunnel start- 
ing and stopping periods. 
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The One Complete 


Reference Source to 


The Dynamics and 
Thermodynamics of 
Compressible Fluid Flow 


ASCHER H. SHAPIRO 


Massachusetts Institute of Technology 


NEW—This outstanding work cov- 
ers virtually all aspects of compressible 
fluid mechanics. Ranging in scope 
trom fundamentals to analytical de- 
velopment of design methods and 
advanced exemplary methods, the book 
organizes a fund of up-to-date material 
directly applicable to the engineer- 
ing problems that arise in high-speed 
aircraft and rocket design. 


Discussions are 


based on a combina- 
tion of clear physi- 
cal reasoning, theo- 
retical treatment, 
and empirical re- 
sults, designed to 
create a book of 
high practical value 
for engineering pur- 
poses. All impor- 
tant results are re- 
duced to convenient 
chart form. Appendix provides numeri- 
cal tables to facilitate computation of 
compressible-flow functions. 


© 1 Typical Recent Comment: 


Professor Walton Forstall, Jr., of 
the Carnegie Institute of Technology 
writes: “An important event to all 
interested in compressible flow... 
Shapiro has done a remarkable job. 
His book is notable for having all the 
virtues one would like to find in a 
work of this kind. It combines pre- 
cision, clarity, scope, orderly organi- 
zation, logical development, and 
valuable reference citation in a well 
printed volume . . 

“Those who deal with problems of 
compressible fluids are fortunate 
to have the complete coverage 
with such high quality.” 


Volume |: Ready now. 
660 pages, 635 illustrations, $16 


Volume Il: Ready Spring. 
600 pages, 580 illustrations, $16 


Two-volume set, $30 


Al your bookstore or direct from... . 


THE RONALD PRESS COMPANY 
15 East 26th St., New York 10 


—_ 
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...Work on Projects of Tomorrow with Westinghouse 


Developer of the world’s first automatic electronic airborne 
fire-control system, the Air Arm Division of Westinghouse 
Electric Corporation is recognized as a world-leader in the field 
of aviation electronics. Engineers in this modern multi-million 
dollar division are currently engaged in the design and develop- 
ment of autopilot, fire-control and turret systems. 


For engineers who can fill key positions in a rapidly expanding 
organization, Westinghouse Air Arm Division offers challenging 
opportunities, exceptionally extensive facilities and the stimu- 
lation of competent technical leadership. 


Salaries are open, commensurate with training, experience and 
ability. In addition to a highly respected patent award plan and 
opportunities for advanced studies at one of the country’s 
leading universities, Westinghouse offers all of the usual em- 
ploye benefits, PLUS! 


Write for information today! 


RADAR ADVISORY ENGINEER 


DUTIES: Detail technical consultation on 
problems pertaining to coherent and non— 
coherent radar systems. Long range planning on 
target detection systems, such as radar, 
infra-red and optics. 


REQUIREMENTS: At least a B.S. degree in Elec-— 
trical Engineering (Ph.D. preferred) plus radar 
design and development experience. Ph.D. can 
be in Mathematics if previous degree is in E.E. 
Good background in microwave theory, receivers, 
pulse techniques, and propagation. Sufficient 
mathematics for determination of radar system 
parameters. 


ADDRESS 


R. M. Swisher, Jr. 
Employment Supervisor, Dept. F-7 


Westinghouse Electric Corporation 
109 West Lombard Street 


Baltimore 1, Maryland 


MATERIALS & STANDARDS ENGINEER 


DUTIES: Consulting and trouble-shooting work 
with insulating materials in potting and encap- 
sulating techniques. Application of these 
materials to the solution of electronic 
equipment design problems. 


REQUIREMENTS: A B.S. degree in Chemical 
Engineering and a minimum of 5 years’ experi- 
ence in the field of materials engineering. 
Familiar with insulating materials, properties 
and application. 


HYDRAULICS ENGINEER 


DUTIES: Analysis and design of hydraulic 
valves, pistons, actuators and servomechanisms 
for autopilot and fire-control systems. 


REQUIREMENTS: Several years experience in 
hydraulic design plus a B.S. or M.S. degree in 
Engineering. 


OPERATIONS ANALYST 


DUTIES: Analysis of aircraft tactical attack 
problems. Evaluation of detection, acquisition 
and destruction probabilities of aircraft 
armament systems. 


REQUIREMENTS: Engineering degree (Ph.D. pre- 
ferred) plus experience in fire-control and 
autopilot systems analysis and design. Must be 
capable of applying probability theory and 
advanced mathematical techniques. 


Westinghouse 


BALTIMORE, MARYLAND 
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Aeronautical Reviews 


MATERIALS 


The Cold Working of Non-Ferrous Metals 
and Alloys; A Symposium on Metallurgical As- 
pects of the Subject Held in London on the 
Occasion of the Annual General Meeting of the 
Institute, 14 March 1951. (Monographs and 
Report Series No. 12.) London, The Institute 
of Metals, 1952. 205 pp., 
$2.50 


illus., diagrs., figs 


The Monograph consists of a reprint from the 
Journal of the Institute of Metals of papers Nos 
1286-1290, with the discussion on them. 

Contents: Fundamental Aspects of the Cold 
Working of Metals, Maurice Cook. Lubricants 
for the Cold Working of Non-Ferrous Metals 
S. F. Chisholm. The Cold Rolling of Non- 
Ferrous Metals in Sheet and Strip Form, C. E. 
Davies. Wire-Drawing Technique and Equip 
ment, F. T. Cleaver and H. J. Miller. The 
Deep Drawing and Pressing of Non-Ferrous 
Metals and Alloys, J. Dudley Jevons. 
Discussion. Name Index. 


General 


Equipment for the Thermal Treatment of 
Non-Ferrous Metals and Alloys; A Symposium 
on Metallurgical Aspects of the Subject, Held in 
London on the Occasion of the Annual General 
Meeting of the Institute, 26 March 1952. 
graph and Reports Series No. 14.) London, The 
Institute of Metals, 1953. 104 pp.,_ illus. 
$2.50 


(Mono 


diagrs., figs 


The Monograph consists of a reprint from the 
Journal of the Institute of Metals of Papers Nos 
1347-1353 with the discussion on them 

Contents: Electric Furnaces for the Thermal 
Treatment of Non-Ferrous Metals and Alloys 
C. J. Evans, P. F. Hancock, F. W. Haywood, 
and J. McMullen. Gas Equipment for the 
Thermal Treatment of Non-Ferrous Metals and 
Alloys, J. F. Waight. Batch and Continuous 
Annealing of Copper and Copper Alloys, Edwin 
Davis and S. G. Temple. Bright Annealing of 
Nickel and its Alloys, H. J. Hartley and E. J 
Bradbury. Batch Thermal Treatment of Light 
Alloys, C. P. Paton. Flash Annealing of Light 
Alloys, R. T. Staples. Continuous Heat-Treat- 
ment of Aluminium Alloys of the Duralumin 
Marcel General  Dis- 

Subject and Name Indexes. 


Type, Lamourdedieu. 


cussion 


MATHEMATICS 


Complex Variable Theory and Transform Cal- 
culus with Technical Applications. N. W. 
McLachlan. 2nd Ed. New York, Cambridge 
University Press, 1953. 388 pp., figs. $10. 

This is the second edition of the book first pub 
lished in 1939 under the title of Complex Variable 
and Operational Calculus with Technical A pplica- 
tion The author still writes primarily for tech- 
nologists. The chapters on complex variable have 
been rewritten, amplified, and made rigorous 
enough for all but the pure mathematician. The 
book has been completely revised and brought 


— BOOKS 


Book Notes 


up to date. Certain of the old sections have 
been removed to make way for more important 
subject matter—e.g., repeated impulses, Fourier 
transforms, and frequency spectra have been 
added to Chapter 10. In solving ordinary differ- 
ential equations, use is made of either a list 
of p multiplied Laplace transforms or the Mellin 
inversion theorem. The sections involving partial 
differential equations have been recast. The 
number and variety of the examples to be worked 
out by the reader have been increased, while the 
reference list has been extended. An appendix 
on convergence of many of the series that occur 
in the text is given. 


PLASTICITY 


Introduction to the Theory of Plasticity for 
Engineers. Oscar Hoffman and George Sachs. 
New York, McGraw-Hill Book Company, Inc., 
1953. 276 pp., diagrs., figs. $6.50. 

This text deals with that branch of mechanics 
which treats of the behavior of ductile metals 
beyond the plastic range. The book treats first 
the basic theories of post-elastic behavior, in 
cluding state of stress, strain, elastic behavior of 
metals, theories of strength, plastic stress-strain 
relationships, and experimental data. These 
discussions are presented in detail to facilitate a 
complete understanding of the engineering ap- 
plications offered later. The applications used 
are drawn essentially from fields in which com- 
parison of working solutions and experimental 
results obtained is possible. After treatment of 
theory, classic examples of processes which in- 
volve rather small plastic strains are offered as a 
next step of development, as being most similar to 
elastic strains. After this presentation, there 
follows the step to problems of large plastic strain. 
In conclusion, the final section is devoted to im- 
portant technological metal-forming processes. 
The mathematical tools employed were chosen 
on the assumption that the reader has a working 
knowledge of the calculus. The tensor concept is 
developed from the physical concepts of stress 
and strain state. The Office of Naval Research 
sponsored part of the work leading to this pub- 
lication. The authors are, respectively, Pro- 
fessor, Department of Civil Engineering and En- 
gineering Mechanics, Case Institute of Technol- 


For Information on IAS 
Library Service Facilities, 
| see page 89 


Statements and opinions ex- | 
pressed in Book Reviews are to 
be understood as individual ex- 
pressions and not necessarily 
those of the Institute. 
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ogy, and Research Professor, Director of Metal- 
lurgical Research, Institute of Industrial Re- 
search, Syracuse University. 


POWER PLANTS 


Theory and Design of Steam and Gas Turbines. 
John F. Lee. New York, McGraw-Hill Book 
Company, Inc., 1954. 502 pp., illus, diagrs., 
figs. $9.00. 


The book is intended (1) to provide a textbook 
for use in graduate or undergraduate mechanical 
engineering curriculum which will force the stu- 
dent to make extensive use of the fundamental 
knowledge acquired in the basic courses and (2) 
to furnish the practicing mechanical engineer 
with a fundamental background that will be of 
value in understanding the latest literature and 
making contributions in this field. The author 
presents the modern theory of turbine flow pas- 
sage design in a manner understandable to the 
mechanical engineer who may not have a back- 
ground in aerodynamics, or gas dynamics. A 
guiding principle is to use the theory in design 
applications to the exclusion of empiricism wher- 
ever possible. Descriptive matter, which is 
subject to change and is available in the literature, 
is introduced only to the extent necessary to estab- 
lish physical concepts in the mind of the student. 
The theory common to fluid machinery is treated 
first, with extension and application of the theory 
to steam turbines, gas turbines, axial-flow com- 
pressors, and centrifugal compressors. Combus- 
tion is treated from a fundamental standpoint 
instead of merely describing burners or the com- 
bustion process in general terms. Steam and 
gas-turbine power cycles are treated both from 
the ideal and non-ideal standpoint. References 
and problems are presented at the ends of chap- 
ters. The author is Associate Professor of Me- 
chanical Engineering, North Carolina State Col- 
lege. 


THERMODYNAMICS 


Fourth Symposium (International) on Combus- 
tion (Combustion and Detonation Waves). At 
Massachusetts Institute of Technology, Cam- 
bridge, Mass., September 1-5, 1952. Published 
by The Standing Committee on Combustion 
Symposia, Bernard Lewis, Chairman. Baltimore, 
The Williams & Wilkins Company, 1953. 926 
pp., illus., diagrs., figs. $7.00. 


In this Symposium emphasis has been placed on 
the physical aspects of combustion, particularly 
wave phenomena and turbulence, treated from 
both experimental and theoretical standpoints. 
Authorities were invited to present survey papers 
in important fields within the scope of the sym- 
posium. These appear as the first nine papers 
in the book. With these surveys, the number of 
papers reproduced totals 112. Two round-table 
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Float Indicator . . . 
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Temperature Compensation 
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Write today for 
Publication No. TP-29-A 


WALLACE & TIERNAN 


ELECTRICAL MECHANISMS AND 
PRECISION INSTRUMENTS 


Belleville 9, New Jersey 


Represented in Principal Cities 


In Canada, Wallace & Tiernan 
Products, Ltd.—Toronto 


This titanium bolt produced 
by Harper meets the demands 
of today’s aircraft for lighter, 
stronger fastenings. 


The Harper Aero Division 
is producing fastenings of all 
the new high temperature al- 
loys, such as Discaloy Refrac- 
taloy, A-286 and special 
grades of stainless steel. 


G REVIEW—FEBRUARY, 


1954 


DESIGNERS 
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SOCKETS FIXTURE 
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ment with test sample...torque 
is applied and measured with 
Sturtevant Torque Wrench. 
Model TTF’ Capacity 0-200 in. Ibs. 
Model TTF’. Capacity 0-150 ft. Ibs. 
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PRODUCTION 
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CONTROL 


for DELICATE OPERA 
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FASTENERS IN PLASTICS URIEVAN/ /CO. 
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Harper metallurgists will 
work with you on the produc- 
tion of fastenings to meet any 
design,temperature,abrasion 
or corrosion conditions. 

THE H. M. HARPER COMPANY 
AERO DIVISION 
8282 Lehigh Avenue, Morton Grove, Ill. 


Specialists in high 
temperature fastenings of — 
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STAINLESS STEEL 


THREE-WAY NORMALLY OPEN AND 
NORMALLY CLOSED 


WEIGHT ONLY 1% LBS. APPROX. 32” HIGH 

Soft synthetic rubber inserts in plunger prevent 
leakage...Spring loaded for positive action...Power consump- 
tion approx. 10 watts...Usable in any position...Operating pres- 


sure to 150 P.S.I.... Fluid connections to suit your specifications. 


Some models for aircraft, such as valve illustrated, have 
Yellow Dot approval. Other solenoid aircraft valves available 


and under development for pressures to 3,000 P.S.I. 


Two-way normally open and normally closed solenoid valves 
for special media such as liquid oxygen, nitric acid and concen- 
trated hydrogen peroxide are also available in a variety of sizes. 


Inquiries regarding your solenoid valve 
problems are welcomed. 


VALVE DIV. 


THE SKINNER CHUCK COMPANY 
104 Edgewood Ave., New Britain, Conn. 
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discussions are also presented in summary form 
Discussion remarks follow the individual papers 
In the book, the papers are classified under the 
following subjects: flammability (3 papers); 
ignition (6); theoretical and experimental studies 
on laminar combustion and detonation waves 
(50); cellular flames and oscillatory combustion 
9); turbulent flames (9); quenching, flashback, 
and blowoff (4); stabilization by flame holders 
5); flames by fuel jets (7); burning of fuel drop- 
lets (4); and combustion in rockets and en- 


gines (6) 


VIBRATION 


Iatroduction to a Study of Mechanical Vibra- 
tion. G. W. van Santen. Eindhoven, Philips’ 
Technical Library; Houston, ‘Tex., Elsevier 
Press, Inc., 1953. 296 pp.. illus., diagrs., figs 
$7.50. 

The object of this book is to review the ele- 
mentary theory of mechanical vibrations, as well 
as some of the more important problems of vibra- 
tion encountered in practice. Individual sub 
jects are presented so as to demonstrate the essen 
tials of the problems and thus provide a starting 
point for a special study of any particular branch 
of the work. At the same time, practical lines 
have been indicated for the direct solution of 
many problems. Examples have been chosen 
from such fields as machine and aircraft design, 
instruments, acoustics, and materials research 
References in footnotes and at the ends of chap 
ters provide for those wishing fuller treatments 
lor a closer study of theoretical considerations, 
some elementary mathematical data are included 
in the appendices at the end of the book. The 
author is with the development section of the 
Measuring Equipment Division of the Philips 
Works. 

Contents: Preface. Some of the More Im 
portant Symbols Used. Chapter I, Vibrations 
Chapter II, Undamped Free Vibrations. Chap 
ter III. Damped Free Vibrations. Chapter IV, 
Forced Vibrations. Chapter V, Analogies Be 
tween Mechanical and Electrical Oscillations 
Chapter VI, Degrees of Freedom. Chapter VII, 
The Theory of Isolation. Chapter VIII, Reso 
nance Curves. Chapter IX, Propagation of 
Vibrations. Chapter X, Sound and Other Wave 
Phenomena. Chapter XI, Bending Vibrations 
in Shafts. Chapter XII, Torsional Vibrations of 
Shafts. Chapter XIII, Balancing. Chapter 
XIV, Damping. Chapter XV, Some Special 
Vibration Phenomena. Chapter XVI, Detri 
mental Effects of Vibration. Chapter XVII, 
Principles of Equipment for the Measurement of 
Vibration. Chapter XVIII, Instruments for the 
Measurement of Vibrations. Chapter XIX, 
Some Practical Hints on Vibration Measurement 
Chapter XX, The Human Vibration Measuring 
Apparatus. Bibliography for Further Study 
Appendix I, Common Trigonometric Formulas. 
Appendix II, Complex Quantities. Appendix 
Ill, To Determine the Phase Angle Between 
Two Vibrations of the Same Frequency. Alpha 
betical Subject Index. 


Attention Members! 


All members of the Institute | 
are invited to submit material | 
concerning their activities for | 
publication in the “News of 
Members’ column of the Aero- | 


nautical Engineering Review. | 
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@ Easy does it with a hoist by BREEZE. 
Here’s 10,000 pounds being lifted by a 
150-pound airborne winch. 

It’s one of a new line of cargo-han- 
dling devices designed to meet specific 
needs in aircraft operations, where 
custom-built features are required. 

All of them embody extreme com- 
pactness and light weight in relation 
to high rated load. They are precision 
geared and braked for control refine- 
ments, with overload and safety fea- 
tures. They save time, labor and space. 

Consult BREEZE engineers 
for the newest in electrical, 
mechanical or hydraulic hoists 
to meet individual conditions. 


CORPORATIONS, INC. 


41 South Sixth Street © Newark 7, N. J. 
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AERODYNAMICISTS 
STRESS ANALYSTS 


We have several immediate openings for experienced 
Aerodynamicists who can assume responsibility for 
aerodynamic analysis, development, and improvement 
programs on our current fighter aircraft and guided 


is offered for intelligent, imagina- 
tive engineers and scientists to join 
the staff of a progressive and self- 
sustaining, university-affiliated re- 


missiles. Applicants should possess a degree in Aero- search and development labora- 
nautical Engineering plus two to seven years of aircraft tory. We are desirous of ex- 
panding our permanent staff in 
experience. such fields as design studies of ad- 
We also need aircraft Stress Analysts who will assume vanced supersonic aircraft, ana- 
responsibility for the structural design integrity of either lytical and experimental studies of 
i irf onents or secondary airframe ceroelasticity, helicopters, aircraft 
primary air rame ary « ¢ structures, control and stability, 
components of military aircraft. Applicants should pos- large scale wind tunnel testing, 
sess an Engineering degree plus two to seven years re- ond in various other applied 
lated stress analysis experience. research fields of aeronautics. 
All inquiries will be kept strictly confidential. fit programs are on a por 

‘ withindustry. In additi 
Liberal company benefits include moving allowance ee 


there are many tangible 


for relocation. advantages, such as our 


Inquiries may be directed to: self-sponsored internal re- 
’ search policy, of interest to 
ENGINEERING PERSONNEL SECTION men with ingenuity 


and initiative. 


CHANCE VOUGHT AIRCRAFT 
INCORPORATED CORNELL AERONAUTICAL 


LABORATORY, INC. 
P. O. Box 5907 SSS Dallas, Texas 


WZ BUFFALO 21, NEW YORK 


DEVELOPMENT 
ENGINEERS 


FOR: Design Engineering, Practical Research, 
* Investigations of Theories, Functional Analysis 


ENGINEERS 


The APPLIED PHYSICS 
LABORATORY OF THE 
JOHNS HOPKINS UNIVER- 
SITY offers an exceptional 
opportunity for professional 
advancement in a well-estab- 
lished laboratory with a repu- 
tation for the encouragement 
of individual responsibility and 
self-direction. Our program of 


GUIDED MISSILE 
RESEARCH AND DEVELOPMENT 


An interesting challenge for senior design engineers to work 
directly with top project supervisors helping through the 
prototype stage new developments in: 


® Automatic Control Instruments © Airborne Armament Systems 
© Electronic Navigational Aids © Guided Missile Controls 
© Magnetic Amplifiers © Computing Equipment 


For these jobs we are interested in men with two or more years experience 
in electro-mechanical work related to the above fields or in men with 
superior scholastic records in physics, electrical, electronic or mechanical : ' 
engineering. provides such an opportunity 
for men qualified in: 


© Not too large, not too small © Pension Plan WIND TUNNEL TESTS AND 

® Stable but progressive company © Nine Paid Holidays DATA ANALYSIS 

e oN. Y. c. location with all its additional e Two Weeks vacation with pay RAMJET DESIGN AND ANALYSIS 
varied opportunities ® Tuition assistance for further related 


studies MISSILE SYSTEMS DEVELOPMENT 


FLIGHT TEST PROPOSALS AND 
DATA ANALYSIS 


Above-average fringe benefits 


Our policy of permanency of positions and continuity of service does not 
allow us to employ engineers unless there is a clear and definite need for 
them projected years into the future. And we promote from within. 

If you can qualify, we urge you to contact by mail, or if in N. Y. C. phone: 


Mr. P. F. McCaffrey, Stillwell 4-9000, Extension 416 


FORD INSTRUMENT COMPANY 


Division of the Sperry Corporation 
31-10 Thomson Ave., Long Island City, N. ¥Y. (20 minutes from the heart of New York City) 


Please send your resume to 


John J. Long 


APPLIED PHYSICS LABORATORY 
THE JOHNS HOPKINS UNIVERSITY 


8621 Georgia Avenue 
Silver Spring, Maryland 
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Personnel Opportunities 


Wanted 


Research Aerodynamicists, Physicists, Chem- 
ists, Mathematicians, Metallurgists; Chemical, 
Electronic, and Structural Research Engineers 
The Research Division of Ordnance Missile Lab 
oratories seeks qualified applicants in the above 
categories. Employees will participate in a 
variety of stimulating research activities dealing 
with problems in aerodynamics, propulsion 
guidance, materials, etc. Positions exist for 
grades GS-5 through GS-14 with corresponding 
salaries from $3,410 to $9,600 per annum. Ord 
nance Missile Laboratories is the Army Ordnance 
research and development center for rockets and 
guided missiles. It is located in the TVA lake 
region of North Alabama. Applications may be 
submitted on Form 57, Application for Federal 
Employment, which is available at any first- or 
second-class Post Office or from any Civil Service 
Regional Office. Correspondence should be ad- 
dressed as follows: Commanding General, Red 
stone Arsenal, Huntsville, Ala., Att: H. W 
Smith, Civilian Personnel Division. 


Engineers—-Opportunities for employment exist 
in the Bureau of Aeronautics, Department of the 
Navy, Washington, D.C. Aerodynamic De- 
velopment Engineer (Hydrodynamics)—-GS-9 
$5,060 per annum; GS-11, $5,940 per annum 
or GS-12, $7,040 per annum. Duty post: Wash 
ington, D.C Work assignments include the 
initiation and monitoring of hydrodynamic re 
search projects and contracts required for the 
development of Navy seaplanes; analyze tech- 
nical reports, project results, and hydrodynamics 
data; prepare hydrodynamic design requirements; 
prepare demonstration requirements and special 
test requirements. Tow tank experience desired 
familiarity with practices and procedures of hy 
drodynamics research and development manda 
tory. Aircraft Structural Loads Engineer—GS-11, 
$5,940 per annum. Duty post: Washington 
D.C Review, analyze, and evaluate structural 
air loads reports for compliance with design speci 
fications; establish structural flight demonstration 
requirements; investigate structural load problems 
in experimental aircraft and guided missiles; 
assist in the preparation of contract specifications 
Experience and knowledge of methods of deter 
Mining structural air loads are required. Air- 
craft Structural Loads Engineer—GS-12, $7,040 
per annum. Duty post: Washington, D.C. 
Work assignments include planning, initiation, 
and follow-through on programs and_ projects 
relating to structural ground loads of Naval air 
craft; critical analyses of contractor reports per 
taining to ground loads and the approval or dis 
approval of such data in view of contract re- 
quirements; the investigation of special ground 
loads problems in connection with armament 
items and arresting and catapult requirements 
structural engineering administration of field 
landing tests and carrier suitability tests Re 
quires experience and knowledge of all ground 
and handling loads and methods and procedure 
for analyses for such loads. Mechanical En- 
gineer—GS-12, $7,040 per annum. Duty post 
Washington, D.C. Duties include responsibility 
for conducting investigations, studies, and proj 
ects in gas dynamics; serves as expert, specialist 
and consultant in gas dynamics for the purpose 
of guiding the development of advanced naval 


This section is for the use of individual members of the Institute seeking new connections and 
* organizations offering employment to i 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


lists. 


Aeronautical speci 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


aircraft power plants. Aeronautical Power 
Plant Research Engineer—Duty post: Washing- 
ton, D.C. Work assignments include the de- 
velopment of general designs and studies of re- 
ciprocating, turbojet, turboprop, ram-jet, pulse- 
jet, and rocket engines to be used in Naval air- 
craft and guided missiles; project engineering in 
connection with turbojet power plants for piloted 
aircraft. This position is open at several levels 
with varying degrees of final responsibility: GS-5, 
$3,410 per annum; GS-7, $4,205 per annum; 
GS-9, $5,060 per annum; GS-11, $5,940 per 
annum; and GS-12, $7,040 per annum. Me- 
chanical or Aeronautical Engineer—GS-11, 
$5,940 per annum. Duty post: Washington 
D.C. Responsible for administering research 
contracts and projects for the development of 
transparent areas of cockpit and cabin enclosures 
of Naval aircraft, including windshield-wiper in 
stallations, degreasing systems, and washing sys 
tems. Basic requirements for all the above posi- 
tions include Bachelor’s Degree from an accredited 
institution and, in addition, professional engineer 
ing experience as follows: for GS-12, 3!/2 years; 
GS-11, 2!/2 years; GS-9, 1!/2 years; GS-7, ! 

yeat. Interested personnel can obtain Applica- 
tion for Federal Employment (Form 57) from any 
U.S. Post Office; completed form or other com- 
munication should be addressed: Mr. E. N 
Wolfe, Room 3909, Main Navy Building, 19th and 
Constitution Ave., N.W., Washington 25, D.C 


Applied Mathematician—The Wright Air De- 
velopment Center has an opening for an Applied 
Mathematician (numerical analyst), GS-14 
$9,600 per annum. Conducts research on the 
numerical analyses of the boundary-value prob- 


lems of mathematical physics. Applicant should 
submit standard from 57 or complete résumé of 
experience and training to: Commander, Wright 
Air Development Center, Wright-Patterson AFB 
Ohio, Att: WCRRM, Dr. Knox Millsaps 


Aerodynamic Research Engineer—The De- 
partment of Engineering Research, University of 
Wichita, has need for an Aerodynamic Engineer 
to conduct detailed analysis on the application of 
boundary-layer control to very thin swept and 
straight wings. Activities include analysis, de- 
sign, and direction of experimental program 
Prefer individual with previous experience in 
high-speed aerodynamics. Salary ranging from 
$6,000 to $8,000, depending upon qualifications 
Submit applications and résumés to Dean, School 
of Engineering, University of Wichita, Wichita, 
Kan. 

Senior Mechanism Design Engineer—Prefer 
man with 10 to 15 years’ experience. Must have 
excellent knowledge of designing for production 
Experience with gears, bearings, seals, and hydrau- 
lics will be helpful. Work will be on petroleum 
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Any member or organiza- 


industry mechanisms. Write or call: General 
Manager, Borg-Warner Corporation, Petro- 
Mechanics Research Division, 10659 Burbank 
Boulevard, North Hollywood, Calif. 


561. Engineers—Small, aggressive, well-es- 
tablished company; leader in its basic industry 
field; and engaged in challenging research, de- 
velopment, and pilot production of new concepts 
having extensive applications in aircraft, missiles, 
ordnance, automotive, and process industries, 
covering structural design, ceramics, metallurgy, 
hydraulics and electronics requires: Engineering 
Administrator—Top-level Vice-President caliber. 
Broad engineering background in aircraft and/or 
product design, processes, and special machinery. 
Proved ability to organize and direct engineering 
programs, policy, and personnel. Responsible 
to President. Salary open. Stress Specialist— 
Thoroughly conversant with latest aircraft stress 
analysis methods to assume responsibility for 
stress evaluations. Capable of performing own 
stress analysis on current and newly proposed de- 
signs, mentoring junior engineers, and laboratory 
physical stress tests. Some travel and conferences 
with top-level industry experts required. Salary 
open. Engineer—M.E. Aero., or Ind. E. Either 
newly graduated or with a few years’ experience. 
Having special talents or desire for mathematics, 
stress analysis, or new process and machine de- 
velopment including dies and tools. Challenging 
advancement opportunity for alert young man 
with plenty of drive and follow-through on the 
job. Salary open. Metallurgist—With basic 
industry background preferably in or associated 
with aircraft industry with knowledge of Govern- 
ment specifications on forgings and castings. 
Project Engineers—Men coming 
in now will be getting in on ground floor of chal- 
lenging growing enterprise. Salary open. All 
above positions are in fine, clean, small Midwest 
city. Successful candidates will be reimbursed 
reasonatle moving expenses and provided with 
company paid insurance. Send complete résumé 
listing accomplishments, previous earnings, salary 


Salary open 


expected, and preferred interview dates. 


Available 


560. Aeronautical Engineer—With 13 years’ 
diversified engineering specialization in aerody- 
namics, control stability, structures, flutter vibra- 
tion, weapon system analysis on guided missiles, 
and fixed- and rotary-wing aircraft Desires posi- 
tion with reliable organization requiring a broad 
specialized engineering experience. Included with 
this experience has been technical and adminis- 
trative supervisory experience in dynamics and 
structural and weapon system analysis groups 


559. Engineer-Editor Extensive experience 
in writing and editing engineering reports and 
handbooks for aeronautical equipment. Can as- 
sume responsibility for all types of publications 
required by military contracts. Would be in- 
terested in organizing publications department if 
none exists. 


558. Development Specialist-—Interested in 
long-range development assignment, structural or 
mechanical field. Outside contract basis. Pres- 
ently in charge of extensive development pro- 
gram, 
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Are you one of a select group of aerodynamicists sin- 


cerely interested in boundary layer control projects? 


The 


Aircraft Division of Fairchild offers a genuine 


creative opportunity to such men. 


Reconnaisance aircraft . . . jet fighters . . . jet homb- 


ers and transports ... as well as engineering advances 
on the world-renowned C-119 Flying Boxcar and 


soon- 


to-be-produced C-123 Assault Transport are com- 


ing from Fairchild. Diversified, stimulating assign- 


ments like these increase the inventive challenge to 


Fairchild’s team of qualified aerodynamicists. 


Gr 


acious country living only minutes away from 


urban Baltimore or Washington... paid pension 


plan 


... an excellent salary with paid vacations . 


an ideal working environment... generous health, 


hospitalization and life insurance ... and the many 


other benefits of a progressive company add to the 


pleasure of working with Fairchild. 


You'll be investing wisely in a secure future if you 
take time today to write to Walter Tydon, Chief Engi- 


neer, 


ence 


outlining your qualifications. Your correspond- 
will be kept in complete confidence, of course. 


BOUNDARY LAYER CONTROL 


ENGINE AND AIRPLANE CORPORATION 


AIRCHILD 
Division 


HAGERSTOWN, MARYLAND 


FEBRUARY, 1954 ’ 


557. Administrative—Age 35. Thirteer — 
years’ diversified aviation experience including 
estimating, planning, sales, training, publicity 
and public relations. Presently engaged in the 
direct administration of large-scale aviation tech 


nical training program. B.S., 1942, Business and 

Engineering Administration. Desires connectior Wh 
in the organization and management of smal 

aviation supporting activity. Will consider re tu 
lated nonaviation position. Private pilot. Pr 

ferred location, San Francisco Bay area or W< | 


Coast Detailed résumé furnished on request 


556. Director of Development—Mechanica 
structural, or allied field. Twenty years of d 
versified experience in transportation and 
craft Excellent record and references. Prefer Ae 
small or medium size organization Will dea 
with top executive only 


555. Administrative or Military Liaison 
Man—'I wenty-five years of diversified commer: 
and military aviation, sales, and service exjx 
ence Maintenance engineering, administrativ« it 
executive, Military Inspector General, and Co 
tract School Supervisor background U.S. Air 


Force multiengined Senior Pilot, CAA mult Col 
engined, instrument rating Commercial Pilot 
power-plant and air-frame (A & E) Ground I: | th 


structor certificates. Progressive, flexible 
sumes responsibility Desires an administrat 

or supervisory-type position, particularly wher« 
military liaison and contact are involved 4 
would consider position as Company Repr« 
tative Position location: Southern Califor: 


area. Salary open. Age 44. Ac 


554. Engineering Pilot—M.S. Aero. E ) 
Aerodynamics). Recently released from the | 
U.S. Navy. Age 31 Eleven years’ flying 
engineering experience. Commercial Pilot 
ing, multiengine land and sea and single-engin 


including jets Engineering and flight back 
ground in aircraft and power-plant flight testing 
Total flight time 2,800 hours. Has held positions 
as project officer in charge of flight testing na 


aircraft, supervising overhaul of aircraft engin 
and directing a Navy-wide flight safety progr 
from the standpoint of maintenance and mater 
Desires Engineering Pilot’s position Résume 
furnished upon request 


553. British Aeronautical Engineer—Age 3° 
B.Sc., London University. AFRAeS and MIAeS 
Works training and experience as World War I! 
pilot Also 15 years’ aircraft and power-plant 
performance and flight-test experience (includi: 
postwar air-line turbine aircraft development and |} 
technical administration). Requests responsilb 
appointment with major air line or industr 
organization 


552. Aero - Mechanical Engineer B.M.1 
Age 35. Over 12 years’ experience in the aircr 
industry Three years in guided-missile electro 
mechanical systems development; 7 year 
flight-test research; and 2 years in stress anal) 
Currently engaged as group engineer in charge of 
electromechanical systems development on 
guided-missile program. Present salary, over 
$8,000. Desires responsible position in missil« 
aircraft, or allied fields. Résumé furnished on 
request. 


551. Aeronautical Engineer—B.S. in Aero 
nautical Engineering plus 5'/2 years’ expertet 
as flight-test and aerodynamics engineer. Hix! 
diversified experience gained both in aircralt 
industry and with Wright Air Development Cer 
ter. Desires responsible position with last 
Coast aircraft or engineering company 


549. Senior Pilot & Engineer—Ax« st 
B.S.Met.Eng. Graduate of Air Force Institute 
of Technology (2-year course), majored in act j 
nautical, production, and management engineer } 
ing; 5 service schools in management; and 14 
years’ commissioned service in USAF. Held | 
many positions of great responsibility, includ: 
Squadron Commander and Staff Civilian Per 
sonnel Officer (responsible for 8,000 civilia: | 
As Deputy Director of Production had perso 


BLC 
= 


PERSONNEL 


When you write to manufac- 
turers whose advertising 


appears in the 


Aeronautical Engineering 
Review, 


it will be of interest to the 
companies and of benefit to 
the Institute if you mention 


that you saw it in the 


Aeronautical Engineering 
Review 


contact with the presidents of all the aircraft 
plants in the district. Over 3,000 hours as pilot 
of all types of aircraft including B-36's. Desires 
responsible position that would incorporate un- 
usual qualifications. 


548. Economic Research and Public Relations 
Specialist—Returning to inactive duty from the 
Navy and desires connection with aeronautical or 
allied firms. Formerly public and technical in 
formation officer with the Bureau of Aeronautics, 
Public Information Officer with the Commander, 
Air Force, U.S. Pacific Fleet and presently as 
signed to the office of the Secretary of State for 
duty with the Psychological Operations Co- 
ordinating Staff Research experience as business 
and foreign economic analyst and foreign trade 
specialist in the Office of International Trade, 
U.S. Department of Commerce Has completed 
all work on doctoral degree Has excellent con- 
tacts in the aeronautical field 
abroad 

545. Engineer—-M.S.Aero.E. Thirteen years’ 
experience in theory and operation of aircraft and 


Willing to go 


guided missiles. Conducted engineering liaison 
with the Military on mutual problems, also con- 
tract liaison experience. Supervised planning of 
extensive guided-missile flight-test program 
Now responsible for guided-missile field service 
Desires position with future 


544. Industrial or Technical Sales—Regular 
military officer; 11 years’ military service; 4 
years in turbine-engine development. Graduate 
of Navy Test Pilot Training School, over 2 years 
as Navy Test Pilot Has 2 years in supervisory 
status over Navy flight-test projects, over 3,000 
flight hours, over 1,000 jet flight hours, over 300 
carrier landings. Desires to enter industry in 
industrial or technical sales field. Not interested 
in health, pension, insurance, liability, vacation, 
or retirement programs; concerned only with 
opportunity for advancement if work is satis 
factory. Excellent personal and _ professional 
references 


STRESS ANALYSTS 


with actual aircraft stress experience 


Also AIRCRAFT ENGINEERS AND DESIGNERS 


Here's an opportunity to work in one of the most interesting and 
fastest-growing segments of the aviation field— 


HELICOPTERS 
Sikorsky Aircraft, foremost designer, developer and manufacturer 
of helicopters, is increasing its production of the latest type, 
combat-proved helicopters and is expanding its research and 


development program. 


Here's your chance to work with the top men in your profession— 
men who made the first practical helicopter. 


You'll Find at 
Sikorsky Aircraft 


® a company with large and im- 
portant orders 
an engineering staff of excepti 
ally high calibre 
unduplicated research and testing 
facilities 
a respect for and interest in new 
ideas 


You'll Enjoy 
These Advantages 


excellent salary 


cost-of-living adjustments 
good chance for advancement 


many insurance benefits, including 
a retirement income plan 


Moving Expense Allowance 
Send resume to E. H. TUTTLE 


SIKORSKY AIRCRAFT 


Division of United Aircraft Corporation 


Bridgeport 1, Conn. 


UNIT VES 
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DESIGNERS, 
ENGINEERS... 


Long?” 


The SKY’S ‘the LIMIT 


ar Mas 


Today the men at Martin are building the 
spaceborne systems of tomorrow. Every 
rocket that screams skyward brings back 
more information of outer space. Every 
day brings man closer to conquering the 


heavens. It’s thrilling work 
beyond the sky. 


reaching 


And the sky is no longer the limit on 
OPPORTUNITY at Martin. Young men 
are now in top positions at Martin. 
We need more young men for exciting 
jobs—creative engineers. We need: 


AIR CONDITIONING ENGINEER 


AIRCRAFT CONTROL ENGINEER 


ARMAMENT ENGINEER 


STRUCTURAL PLASTICS ENGINEER 


MATERIAL & PROCESS ENGINEER 


ELECTRONICS ENGINEER 


AERO DYNAMICS ENGINEER 


Martin off ers modern engineering facilities 
and liberal benefits, including company 
paid pension plan. Liberal travel and mov- 
ing allowances. Housing readily available. 


WRITE NOW TO: J.J. Holiey, Profes- 
sional Employment, Dept. E-2, The 
Glenn L. Martin Co., Baltimore 3, Md. 
Include confidential resume with full de- 
tails of education and experience. 


AIRCRAFT 


THE GLENN L. MARTIN CO. 
BALTIMORE MARYLAND 


| 
| 
| 
| 


118 


LIVE IN ALBUQUERQUE, THE HEART OF 


NJ OTHER IMPORTANT 


ke 
PROFESSIONAL EMPLOYMENT 


SANDIA BASE 


WORK ON THE FRONT LINE OF THE 


" research and development to men with Bach- 


AERONAUTICAL ENGINEERIN 


Aw 


NATION'S VITAL DEFENSE PROGRAM. Sandia 
Corporation is engaged in the development 
and production of atomic weapons—a chal- 
lenging new field that offers opportunities in 


elor’'s or advanced degrees, with or without 
applicable experience. Here you can work 
with able colleagues, eminent consultants and 
superior facilities on advanced projects of high 
importance — and also build a permanent 
career in a rapidly expanding field with a 
company that recognizes individual ability and 
initiative. 


THE SUNNY SOUTHWEST. Located in the his- 
toric Rio Grande Valley at the foot of the 
Sandia Mountains, mile-high Albuquerque is 
famous for its climate—mild, dry and sunny 
the year around. A modern, cosmopolitan 
city of 150,000, Albuquerque offers unique 
advantages as a place in which to live. Albu- 
querque's schools, churches, theaters, parks, 
and modern shopping. facilities afford advan- 
tages of metropolitan life—yet hunting, fish- 
ing, skiing and a multitude of scenic and 
historic attractions may all be found within 
@ few hours’ drive of the city. New residents 
have little difficulty in obtaining adequate 
housing. 


ADVANTAGES. These are permanent positions 
with Sandia Corporation, a subsidiary of the 
Western Electric Company, which operates 
Sandia Laboratory under contract with the 
Atomic Energy Commission. Working conditions 
are excellent and salaries are commensurate 
with qualifications. Liberal employee 
benefits include paid vacations, sickness 
benefits, group life insurance, and a 
contributory retirement plan. This is 


not a Civil Service appointment. a 


Application lo: 


DIMSION E 


SANDIA 


G REVIEW—FEBRUARY, 1954 


ELECTRONICS INSTALLATION 
DESIGN SUPERVISOR 


Supervisory position available on the 
design staff of a progressive and expand- 
ing aircraft company. This appointment 
involves the responsibility for determining 
design policy, making major design deci- 
sions, and the organizing and direction of a 
team engaged in the design of radio, 
radar and electronic systems and installa- 
tions for a broad field of military aircraft. 


Applications are invited from graduate 
engineers possessing five to ten years’ ex- 
perience in the above field. Experience 
with modern military aircraft electronics 
systems is particularly desirable. Experi- 
ence in the design of equipment is con- 
sidered an asset and other related experi- 
ence will be evaluated in the light of its 
applicability. Reply in detail to Box No. 
562. 


A COMPLETE MEDIA PACKAGE 
FOR YOUR 


Aviation Marketing Program 


Pm 


AERONAUTICAL AERONAUTICAL 
ENGINEERING ENGINEERING 
REVIEW CATALOG 


For your monthly advertis- 


Prefiles and distributes your 
ing message to the aircraft 


aircraft products catalog to 


industry's engineering and aviation'’s buyers and speci- 
design personnel—the men fiers. 
who influence buying. 
1953 7,000 copies are distributed 
AVIATION annually to aircraft engi- 


neers, designers, techni- 


MARKET cians and purchasing agents 

GUIDE in all leading aircraft, engine 

Available! and parts companies, Gov- 

ernment aviation depart- 

24 pages of FACTS on your ments and leading air lines. 
market and REVIEW. 

Write for free copy Write for details. 
TODAY! 


OFFICIAL PUBLICATIONS 
INSTITUTE OF THE AERONAUTICAL SCIENCES 
2 East 64th Street New York 21, N.Y. 


ALBUQUERQUE, NEW MEXICO 


= 
MECHANICAL ENGINEERS 
ELECTRONICS ENGINEERS 
ELECTRICAL ENGINEERS 
puysicisTs 
° nERODYNAMICISTS 
MATHEMATICIANS 
He 
| 
ne 


AERONAUTICAL ENGINEERING 


[31 new career 


Lockheed’s expanding program of diversified development is resulting 
in more and better careers for engineers. 


Projects in development include: 


1. new missile division— Lockheed has established a new 
division to deal exclusively in design, development and production 
of pilotless aircraft and their electronic systems. 


2. nuclear energy —Lockheed has announced a contract to 
study nuclear energy applications to aircraft. 


3. advanced fighter — Lockheed has received a development 
contract for the highly-advanced XF-104 day superiority fighter. 


4. continuing development of production aircraft 

— Development work on production aircraft is continuous at 
Lockheed. New orders for the Super Constellation have increased 
Lockheed’s backlog tremendously. Lockheed now lists 18 airlines 
throughout the world as Super Constellation customers. 


5. jet transport — Lockheed is continuing design work on jet 
transports. Other classified development projects are in progress. 


To Engineers in the Armed Services: you are invited to prepare for the day 
when you resume your civilian career by contacting Lockheed now. 


Lockheed 


AIRCRAFT CORP., 


BURBANK, CALIF. 


REVIEW-— 


FEBRUARY, 


Positions now open include: 


aerodynamics engineers 
aerodynamicists and “B” 

jr. engineers (for aerodynamics work) 
thermodynamics engineers 
thermodynamicists “A” and “B” 

jr. engineers (for thermodynamics work) 
design engineers ‘‘A’’ 


flight test engineers 
for flight test and instrumentation 


service manuals engineers 
structures engineers 


design specialists 

with radar and servomechanisms experience 

to design flight control and guidance systems 

for guided missiles 

research engineers 

with experience in dynamics tests and measurement 
techniques for research in structural dynamics 
research specialists 


with extensive experience in micro-wave analysis 
and development 


generous travel allowances 


Lockheed invites qualified engineers to apply for 
these positions. Coupon below is for your convenience. 


Mr. E.W. Des Lauriers, 

Engineering Recruiting, Dept. AER-2 
Lockheed aircrRAFT CORPORATION 
Burbank, California 


4 


Dear Sir: Please send me an application form and@lldstrated 

brochure describing life and work at Lockheed, () California. 


my name 


my field of engineering 


my street address 


ity and state ol 


positions for engineers 
| 
— 
| 
| | 
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* Specifications and further information on the aircraft 


be found in the 


1953 AERONAUTICAL ENGINEERING CATALOG 


The only publication of its kind devoted exclusively to the aircraft industry, 
this CATALOG serves as a valuable buyers’ and reference guide to sources 
and specifications on aircraft materials, parts, and accessories. It is dis- 
tributed annually to Chief Engineers, Designers, Production Heads, and 
Purchasing Departments of all leading Aircraft, Aircraft Engine, Instrument, 
Accessory, and Aircraft Parts Manufacturers; Air Transport Companies; 
Army, Navy, and Governmental Agencies; Research Organizations; Engi- 


ally by 


INSTITUTE OF THE AERONAUTICAL SCIENCES 


New York 21, N.Y. 
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Take advantage of the outstanding and complete 
Pesco facilities for engineering, testing, and volume 
production of a pump to fit your specific installation. 

PESCO ENGINEERING, with 20 years of experience 
and ‘*know-how"' in pump design and application will 
provide you with the one best component for your 
requirements. 

PESCO RESEARCH AND DEVELOPMENT TESTING 
will insure your component of ‘‘performance-proved”’ 
efficiency and long operating life. 

PESCO PRODUCTION builds into each unit uniform 
high precision and quality, assuring maximum per- 
formance and dependability. 

lf you need pumps, motors, or accessory units for 
fuel, hydraulic, or air applications, contact Pesco. All 
the advantages of Pesco experience, engineering, 
and production are at your service. Simply call or 
write the Home Office, Bedford, Ohio. 


BORG-WARNER 


24700 NORTH MILES ROAD ° BEDFORD, OHIO 


Pesco Model #1P-582 Engine-driven Hydraulic 
Pump with 0.375 cubic inch displacement, 2 gpm 
@ 1500 psig and 1500 rpm. Weight 5.65 lbs. 


YOU CAN RELY ON 


PESCO PUMPS 


FOR THESE ADVANTAGES 


DEPENDABLE PEST 


LESS INSTALLATION SPACE 


LOWEST LIFETIME COST 


Call or write the Home Office, Bedford, Ohio 
for full information on these outstanding Pesco 
products. 

HYDRAULIC PUMPS e AIR PUMPS 
FUEL PUMPS @ HYDRAULIC MOTORS 
POWER PACKAGES ELECTRIC MOTORS 


CORPORATION 


> 
Ms 
u 
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PRODUCTS DIVISION 
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ANNIVERSARY - POWERED CARRIAGES 
ANNIVERSARY - POWERED FLIGHT 


Some of the’ great names in the Motor Car Industry 

_ recently celebrated their 50th Anniversary and now the 
Aircraft Industry relates its dramatic and enchanting history 
of Powered Flight over a fifty-year period. e The astound- 
ing growth of these two industries would have been im- 
possible without Forgings which are used wherever maximum 
strength with minimum weight is essential. e Wyman- 
Gordon has been privileged to serve these industries from 
their beginning ... has kept abreast of progress and has 
pioneered many advancements in Forging and Heat Treating 
techniques and in quality control. e There is no substitute 
fora oe - ie in a Forging Bere is no substitute for 


VESTUM*STEEL* TITANIUM 
WORCESTER, MASSACHUSETTS 
HARVEY, ILLINOIS ~ DETROIT, MICHIGAN 
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AERONAUTICAL REVIEWS 


New Products and 
Product Literature 


AIRCRAFT MATERIALS. & PROCESSES 


Phosphor Bronze Strip. In ultra-thin gages and close tolerances for use in the 
manufacture of aviation components. American Silver Co., Inc., Industrial 
Div., 36-07 Prince St., Flushing 54, N.Y. 

Optically Clear Rigid Plastic Sheets. Twelve-page “‘Cocor’’ descriptive 
catalog. Cast Optics Corp., Riverside, Conn. 

Silicone Electrical Insulating Varnishes and Resins. Summary sheet No. 10- 
227. Dow Corning Corp., Midland, Mich. 

Watch Spring Alloy. ‘‘Elgiloy,’’ a highly corrosion- and fatigue-resistant alloy 
with high tensile strength. Elgin National Watch Co., Abrasives Div., El- 
gin, Ill 

Precision Molding and Extrusion of Kel-F, Teflon and Nylon. [Illustrated 
brochure. Flek Corp., 2252 E. 37th St., Los Angeles 58, Calif. 

Buna N Compound. Suitable for fabrication into any type of industrial rubber 
part for use in temperature range of —40° to +325°F. Goshen Rubber Co., 
Inc., Goshen, Ind. 

Hot Alloy Steel Extrusion Process. A method of extruding steel aircraft 
parts into structural shapes. Harvey Aluminum, Torrance, Calif. 

“Kel-F’’ Trifluorochloroethylene Polymer Plastic. For use in electrical and 
electronic components. The M. W. Kellogg Co., Manufacturing Div., P.O. 
Box 469, Jersey City 3, N.J. 

Metal Bonding Process. For bonding Buna N and neoprene rubbers to Zamac 
materials, white metals, aluminum, and nylon. Dept. KP, Minnesota Rub- 
ber & Gasket Co., 3630 Wooddale Ave., Minneapolis 16, Minn. 

Aviation Sealants. Descriptive catalog. Permatex Co., Inc., 1702-1720 Ave. 
Y, Brooklyn 35, N.Y. 

Precision Fabrication and Machining of High-Capacity Metals and Alloys. 
Nineteen-page facilities catalog covers stainless steel, titanium, aluminum, 
and other metals. Twigg Industries, Inc., Brazil, Ind. 

Techniques of Contouring and Shaping Honeycomb Core Material. Descrip- 
aed brochure. U.S. Propellers, Inc., 3270 E. Foothill Blvd., Pasadena 8, 


AIRCRAFT PARTS & EQUIPMENT 


Development and Production of Aircraft Pneumatic Accessories and Control 
Systems. Descriptive company catalog. Century Controls Corp., Allen 
Blvd., Farmingdale, N.Y. 

Small Instrument Air Valves. Provides leakproof and torque-free seals on 
every type of instrumentation installation. Crawford Fitting Co., 884 E. 
140th St., Cleveland 10, Ohio 

Hermetically Sealed Time Delay Relay. This solenoid-operated, pneu- 
matically controlled unit for use in aircraft control devices combines small 
size with light weight. Bulletin SR-3. Elastic Stop Nut Corp. of America, 
AGA Div., Elizabeth, N.J. 

Titanium Locknuts. First production to be 12 pt. (double hex) nuts with 
nylon locking collars, in sizes from 5/,. to §/s in. Elastic Stop Nut Corp. of 
America, Union, N.J. 

Selection and Application of Aircraft and Ordnance Motors. Eight-page de- 
scriptive bulletin No. GEC-988. General Electric Co., 1 River Rd., Schenec- 
tady 5, N.Y. 

Military Standards Sheets for Wire Screw Thread Inserts. Available from 
Heli-Coil Corp., 1435 Shelter Rock Lane, Danbury, Conn. 


USE THESE TEAR-OUT POSTALS TO 
REQUEST ADDITIONAL INFORMATION 
DIRECT FROM THE MANUFACTURER 
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High-Speed D-C Generators. 8,000 r.p.m. continuous duty, designed for use 
with jet engines. Jack & Heintz, Inc., Cleveland 1, Ohio 

RMB Miniature Chrome Steel Precision Balls. SAE 52100, available in 15 
sizes ranging from 0.350 mm. (0.017780 in.) to 2.250 mm. (0.088583 in.) in- 
cluding */¢-, 1/s2-, and 1/;.-in. sizes. Landis & Gyr, Inc., 45 W. 45th St., 
New York 36, N.Y. 

‘*Meca’’ Tube Coupling. A spring clip design simplifies the process of con- 
necting and sealing tubing or pipe without use of wrenches. The Master 
Enterprise Corp. of America, Boulder Bldg., Tulsa, Okla. 

Spring-Restraint Rate Gyro. Can accommodate maximum input turning 
rates from 3 to 400 deg. per sec. Minneapolis-Honeywell Regulator Co., 
Aeronautical Div., 2753 Fourth Ave., Minneapolis, Minn. 

Adhesives, Coatings, and Sealers. Twelve-page descriptive booklet. Minne- 
sota Mining & Mfg. Co., Adhesives & Coatings Div., 423 Piquette Ave., 
Detroit 2, Mich. 

Magnet D.C. Motor and Centrifugal Blower. This miniature blower weighs 
7'/2 oz. and has an air volume of 20 cu.ft. per min. in free air. Mr. Fred J. 
Andrew, Mission-Western Engineers, Inc., 132 W. Colorado Blvd., Pasadena 
1, Calif. 

Electrohydraulic Servo Valves. Descriptive 4-page bulletin No. 500. Moog 
Valve Co., Inc., Proner Airport, E. Aurora, N.Y. 

Floating Anchor Nut. For primary attachment of wing spars to outer milled 
skin, this one-unit assembly floats */,,-in. horizontally in all directions. Mr. 
R. H. Blakeley, Nutt-Shel Co., 811 Airway, Glendale 1, Calif. 

Self-Locking Bolts and Screws. A resilient nylon insert in one side of the 
threaded area provides locking action and resists vibration. The Nylok 
Corp., Dept. 134, Elmira Heights, N.Y. 

Engine Accessories Booklet. Twenty-four pages describe development, 
testing, and production of fuel, hot-air, and hydraulic systems. The Parker 
Appliance Co., 17325 Euclid Ave., Cleveland 12, Ohio 

‘Insurok’’ Aircraft Pulleys. Eight-page descriptive bulletin. The Rich- 
ardson Co., 2600 Lake St., Melrose Park, Ill. 

S-214 Hydraulic and Pneumatic Shut-Off Valves. Descriptive bulletin. Mr. 
J. W. Murvin, Sprague Engineering & Sales Corp., 1144 W. 135th St., Gar- 
dena, Calif. 

‘‘Twinset’’ Headphones. A twin magnetic receiver, weighing 1.6 oz. Dept. 
KP, Telex, Inc., Telex Park, St. Paul, Minn. 

Temperature Corrosion and Vibration-Resistant Bellows. Six-page descriptive 
bulletin No. 300. Titeflex, Inc., 500 Frelinghuysen Ave., Newark 5, N.J. 
Temperature Control Systems. Eight-page descriptive bulletin No. F-6149, 
describes sensing elements and units. Bulletin No. F-6149. Wheelco Instru- 

ments Div., Barber-Colman Co., Rockford, III. 

Power Boost Master Brake Cylinder. Combines both a power brake valve 
and master brake cylinder into a single unit weighing under 2 lbs. Wm. R. 
Whittaker Co., Ltd., 915 N. Citrus Ave., Los Angeles 38, Calif. 


ELECTRONIC & ELECTRICAL EQUIPMENT 


‘*Microwave Nomograms and Charts.’? Twenty-page booklet of engineering 
data and curves. Airtron, Inc., Dept. H, Linden, N.J. 

High-Pressure Hermetic Seal. Hexseal part No. 2030, for three-hole mounting 
toggle switches and circuit breakers. Mr. Milton Morse, Automatic & 
Precision Mfg. Co., 252 Hawthorne Ave., Yonkers 5, N.Y. 

Frequency Converter. Model 2500, delivers 60 va. of regulated 2,500-cycle 
power, for computers, guided missiles instrumentation, and similar applica- 
Ny Avion Instrument Corp., 299-34 State Highway No. 17, Paramus, 


Snap-Action Relays. For use wherever shock, vibration, or temperature are 
problems. Descriptive bulletin No. 20. Barth Engineering & Mfg. Co., Inc., 
Milldale, Conn. 

VHF Ground Station Receiver. The RG-9A weighs less than 20 Ibs. and 
operates in the frequency band from 118 to 152 mc. Bendix Radio Div., 
Bendix Aviation Corp., Baltimore 4, Md. 

Beam Switching Tubes. Permit the forming, switching, and modulating of an 
electron beam in ten discrete positions, either consecutively or at random. 
Burroughs Corp., Electronic Instruments Div., 511 N. Broad St., Phila- 
delphia 23, Pa. 


Waterproof Molded Plunger Switch. Available with one-piece bracket in ~ 


S.P.S.T or S.P.D.T. contact configurations. Control Products, Inc., 306 
Sussex St., Harrison, N.J. 

Subminiature Cathode Follower. Model 2608, permits vibration and shock 
area location of electronic equipment associated with high impedance in- 
struments. Endevco Corp., % Wright Engineering Co., 180 E. California 
St., Pasadena 1, Calif. 

Metalized ‘‘Solderseal’? Hermetic Terminals. Made of glazed Alumina 
ceramics. General Ceramics & Steatite Corp., Keasbey, N.J. 

‘‘Graphalloy’? Bushings, Brushes, and Contacts. Descriptive brochure. 
Graphite Metallizing Corp., 1050 Nepperhan Ave., Yonkers 3, N.Y. 

Remote Control System for Aircraft Communications Systems. Uses tones in 
the audio frequency spectrum and eliminates the need for d.c. circuitry 
Hammarlund Mfg. Co., 460 W. 34th St., New York 1, N.Y. 
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4 Kw. Static-Type Constant Current Regulator. For high-speed switching of 
airport series runway lights. Bulletin 5310. Hevi Duty Electric Co., Mil- 
waukee 1, Wisc. 

Capacitors. Tubular case single-stud mounting tubular oil-filled capacitors. 
Catalog No. 1134. Industrial Condenser Corp., Dept. A-2, 3243 N. Cali- 
fornia Ave., Chicago 18, Ill. 

Two-Phase Servomotor and Damping Generator. Type R804, weighs 7.6 oz. 
and measures 1.062 in. in diameter and 3 in. in overall length. Kearfott Co. 
Inc., 1150 McBride Ave., Little Falls, N.J. 

Crystals. Provides frequency control at temperatures in the —40° to +70° 
C. range. James Knights Co., Sandwich, Ill. 

Miniature Rotary Electrical Equipment. Fifteen-page descriptive bulletin No. 
153. Mission-Western Engineers, Inc., 132 W. Colorado St., Pasadena, 
Calif. 

Arc-Resistant Switch Housing. Molded of Mycalex 410X glass-bonded mica. 
Mycalex Corp. of America, 60 Clifton Blvd., Clifton, N.J. 

Miniaturized Radio Compass Control Panel. Two-page technical bulletin. 
North American Philips Co., Inc., Electronics Div., 750 S. Fulton Ave., 
Mount Vernon, N.Y. 

Miniature Electric Motor. Capable of delivering '/3 hp. at 6,000 r.p.m., de- 
veloped primarily for missile applications. John Oster Mfg. Co., Racine, 
Wis. 

“Surface-Barrier’’ Transistor. Operates at high frequencies with low 
power consumption. Philco Corp., Philadelphia, Pa. 

“Flyte-Weight’’ Aircraft Battery. Type R3151, developed specifically as 
a replacement unit in all Beech D18 models and other AN3151-2-type ap- 
plications. Reading Batteries, Inc., Reading, Pa. 

Full-Wave High-Vacuum Rectifier Tube. JAN 5993, is designed for aircraft 
and other applications where severe environmental conditions are encoun- 
tered. Red Bank Div., Bendix Aviation Corp., Eatontown, N.J. 

Subminiature Gas Diode Voltage Regulator. RETMA 6142, designed for use 
as a voltage reference source or stabilizing element in low-current applica- 
tions where space conservation is necessary. Red Bank Div., Bendix Avia- 
tion Corp., Eatontown, N.J. 

Electronic Components. Fifty-six-page descriptive catalog No. RC-9 covers 
resistors, switches, capacitors, coil forms, and cores. Stackpole Carbon Co., 
Electronic Components Div., St. Marys, Pa. 

Demi-Miniature Transformers. Designed to meet requirements for trans- 
istor audio uses and in printed circuit systems for control, guided-missile, and 
nl applications. The Wheeler Insulated Wire Co., Inc., Waterbury, 

onn., 


PRODUCTION & MAINTENANCE EQUIPMENT 


‘“‘Adjustrite’’ iggy | Chair. Instant adjustment to any height without 
aoe off chair. Adjusto Equipment Co., 2144 Madison Ave., Toledo 2, 
Self-Sticking Special Markers & Labels. Descriptive bulletin No. 132. 
W. H. Brady Co., Dept. 51, 727 W. Glendale Ave., Milwaukee 12, Wis. 
“DirectoRod’’ Welding Guide. Thirty-two-page booklet gives recommenda- 
tions for over 300 types of metal joining operations. Eutectic Welding Alloys 
Corp., 40-40 172nd St., Flushing, N.Y. 

Plastic Drawing Board. This 9*/,- by 12'/,-in. board can be slipped into a 
briefcase. The Graphostat Co., 110 Eaton Pl., East Orange, N.J. 

Pressure-Sensitive Sheet Wax. For mock-up work in the aircraft industry. 
Kindt-Collins Co., 12651 Elmwood Ave., Cleveland 11, Ohio 

Roll Method of Pattern Layout. Twelve-page descriptive booklet titled 
Layouts.” Owens Co., Inc., 9300 Venice Blvd., Culver City, 

Aluminum Acoustical System. Combines use of aluminum panels and glass 
fiber insulation to reduce noise in large industrial areas. Reynolds Metals 
Co., 2500 S. Third St., Louisville, Ky. 


RESEARCH & TEST EQUIPMENT 


Hydraulic Testing Machine. For proof-testing flash butt welds with cross- 
sectional areas up to 67 sq.in. and having diameters up to 30 in. Baldwin- 
Lima-Hamilton Corp., Philadelphia 42, Pa. 

SR-4 50,000-Ib. Aircraft Structural Parts Testing Machine. Eight-page de- 
scriptive bulletin No. 4206. Baldwin-Lima-Hamilton Corp., Philadelphia 
42, Pa. 


USE THESE TEAR-OUT POSTALS TO 
REQUEST ADDITIONAL INFORMATION 
DIRECT FROM THE MANUFACTURER 
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Inductors, Type 590-A. For measuring the radio frequency characteristics of 
condensers, resistors, and insulating materials over a frequency range of 
20 mc. to 230 mc. Boonton Radio Corp., Boonton, N.J. 

Q-Standard Type 513-A. Provides an accurately known Q and reactance for 
precise measurements; also a means for checking overall Q Meter per- 
formance. Boonton Radio Corp., Boonton, N.J. 

Miniature Gage Pressure Potentiometer. Four-page descriptive brochure 
No. 3553. Dept. NL, Bourns Laboratories, 6135 Magnolia Ave., Riverside, 
Calif. 

1/.-In. Diameter Crystal Transducers. For ultrasonic thickness gaging. 
Branson Instruments, Inc., 430 Fairfield Ave., Stamford, Conn. 

Instruments for Modern Measurements. Thirty-two-page descriptive catalog 
covers all types of research instruments. Brush Electronic Co., 3405 Per- 
kins Ave., Cleveland 14, Ohio 

‘‘Surfindicator’’ Measuring Instrument and Motor Drive. Designed to 
measure and mechanically trace the roughness of any surface. Brush Elec- 
tronic Co., 3405 Perkins Ave., Cleveland 14, Ohio 


400 Cycles per Sec. Power Supply and 3-Channel Demodulator Unit. A flight- 
test instrument designed to serve as the link between sensing instruments 
and oscillograph recording equipment. Bulletin VF2. Doelcam Corp., 
Soldiers Field Rd., Boston 35, Mass. 

Type BA Frequency Response Analyzer. For evaluating instrument charac- 


teristics. Bulletin FR2. Doelcam Corp., Soldiers Field Rd., Boston 35, 
Mass. 


Instruments & Accessories for the Detection & Measurement of Radioactivity. 


Seventeen-page descriptive catalog. El-Tronics Inc., 5th & Noble Sts., 
Philadelphia 23, Pa. 


Pressurized Cabin Leakage Test Equipment. Features direct-reading meas- 
urement of airflow into an aircraft cabin as supplied by an external source. 
Engineering Associates, 1128 N. Hollywood Way, Burbank, Calif. 


Size 15 Telesyn Resolver. This miniature computing unit performs trigono- 
metric operations involving resolution of input voltages into sine and cosine 
components. Ford Instrument Co., 31-10 Thomson Ave., Long Island City 
1, N.Y. 

Portable D.C. Indicating Instruments. Eight-page bulletin No. GEC-979A. 
General Electric Co., 1 River Rd., Schenectady, N.Y. 


Type CF-7 Recording Hook-On Volt-Ammeter. For permanent recording of 


alternating current and voltages. General Electric Co., 1 River Rd., 
Schenectady 5, N.Y. 


Type PM-10 General-Purpose Oscillograph. Permits simultaneous records 
to be made of voltage, current, time, speed, pressure, strain, and sound. 
Bulletin No. GEC-449B. General Electric Co., 1 River Rd., Schenectady, 
N.Y. 


‘‘Alwac’’ Electronic Computer. A low-cost general purpose electronic digital 
computer. Logistics Research, Inc., Redondo Beach, Calif. 


High-Low Temperature Test Chamber. This 12 cu.ft. unit permits evaluation 
of aircraft components in a pass age range of —100° to —300°F. Dept. 
AER, Mantec, Inc., El Segundo, Calif. 


Electronic Circuit Test Probe. Four-page descriptive brochure. Mic-Con 
Inc., 521 Lehigh Ave., Union, N 


Model 317 Sheet Metal Hardness Tester. This portable unit tests sheet stock 


of from 0.010 to 0.250 in. Pacific Transducer Corp., 11921 W. Pico Bivd., 
Los Angeles 64, Calif. 


Predetermined Electronic Counters. This dual-sequence counter provides 
count ranges from 1 to 10,000 and counting rates to 60,000 per min. in each 


of two channels. Potter Instrument Co., Inc., 115 Cutter Mill Rd., Great 
Neck, N.Y. 


‘‘Electrolimit’’ Internal Comparators. Fifteen-page catalog describes instru- 
ments for gaging internal diameters of parts. Pratt & Whitney Aircraft 
Div., United Aircraft Corp., West Hartford 1, Conn. 

Instrument Data Converter. An automatic, high-speed analog-to-digital 
converter for instrument data handling problems. The J. B. Rea Co., 1723 
Cloverfield Blvd., Santa Monica, Calif. 

Battery-Operated Oscillator. Model MB-1, for field use as a transducer 
simulator or as a signal generator in the laboratory. Southwestern In- 


— Electronics Co., 2831 Post Oak Rd., P.O. Box 13058, Houston 19, 
ex. 


Contact Telereader. For measuring film and oscillograph records. Bulletin 
TC-104. Telecomputing Corp., 133 E. Santa Anita Blvd., Burbank, Calif. 

Low-Temperature Chambers. Available in five standard sizes for operation 
at —40, —80, —100, —120, —150, and —170°F. Tenney Engineering, 
Inc., 26 Ave. B., Newark 5, N.J. 

Temperature Control System. Maintains test chamber temperature within 
1/,°F. Tenney Engineering, Inc., 26 Ave. B, Newark 5, N.J. 

‘“‘Baroresistor’’ Pressure-Operated Potentiometer. Designed for use in 
operational aircraft and missiles, this unit is hermetically sealed. Bulletin 
No. 71-5. Trans-Sonics, Inc., Bedford Airport, Bedford, Mass. 

Bulb Temperature Pickups. Can supply up to 5 volts output varying linearly 
with temperature and are suitable for use under severe environmental con- 


ditions. Bulletin No. 21A. Trans-Sonics, Inc., Bedford Airport, Bedford, 
Mass. 
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